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Section 2:

Executive Summary of the Project

A cross between At354, a salt tolerant parent and Bg352, a salt susceptible parent was 
made to produce recombinant inbred line (RIL) population aiming at identifying 
salinity tolerant QTLs. Hybridity of Fi progeny was confirmed using microsatellite 
markers and 6 true hybrids were advanced to produce 281 lines o f F5 generation by 
single seed method.

For the investigation of salinity tolerant QTLs, nine phenotypic parameters related to 
salinity tolerance were assessed in randomly selected 100 RILs of F5 population under 
hydroponics supplemented with 100 mM NaCl concentration (12 dS/m). For the 
genotyping of the RILs 158 SSR markers were surveyed and of them 45 markers that 
were polymorphic between At354 and Bg352 were used for genotype-trait association 
analysis. Linkage maps were constructed for chromosome 1, 3 and 4 as it was a 
prerequisite for linkage based QTL mapping. QTLs were identified by single marker 
analysis, simple interval mapping and composite interval mapping. Composite Interval 
mapping revealed 6 QTLs distributed in chromosome 1 and chromosome 4 namely, 
qSSIl,qSLl,qSNKl,qSL4,qSNK4 and qSSI, explaining 8.9% to 16% of the phenotypic 
variations o f SSI, shoot length and shoot Na+/K+ ratio. In both instances o f qSSI4 and 
qSL4 LOD peak laid between RM280 and RM3843 which has about 3Mbp difference, 
thereby suggesting to be used as potential flanking markers for breeding studies o f salt 
tolerance. The RILs accumulated with 5 promising QTLs were identified for further 
analysis on agronomic traits and salinity tolerance in reproductive stage as an 
application of project output.
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Section 3

1. INTRODUCTION

Rice (Oryza sativa L.) is one o f the most important grain in Asian countries and it is 
consumed by two third of the world population as their staple food. With the escalating 
growth rate o f world population the demand for the rice is increasing year by year. 
Therefore, usage of marginal lands like saline affected areas is important to withstand 
the challenges in rice production. It is estimated that within 30 years world population 
will increase by 2 more billions (Mohanty et al., 2012) hence the food production has to 
be increased accordingly. As rice is the food for more than half o f the population food 
security aspects should be mainly focused on rice production. As the lands accessible 
for agricultural purpose are also decreasing it is necessary to maximize the utility of 
available lands.

Salinity is considered as a serious constrain in rice growing areas and among abiotic 
stress, salinity has been recognized as the second most wide spread problem for 
reduction in growth and productivity of rice (Gregorio et al., 1997b) in all over the 
world. Millions of hectares in coastal regions face salinity due to marine/brackish water 
intrusion to the ground while the inland salinity can be occurred due to many reasons 
like poor irrigation, digestion of ores, human activities etc. Salinity has covered over 7% 
of land worldwide (Szabolcs, 1994) which can be technically used for the crop 
cultivation. In Sri Lanka approximately 13% of the irrigated lands are affected by 
salinity stress (Thiruchelvam. and Pathmarajah, 1999) and this percentage is gradually 
increasing in both coastal regions and inlands (Sirisena and Herath, 2009).

Most of the rice varieties are extremely sensitive to salinity during young seedling stage 
and early development stage (Heenan et al., 1988). Mainly there are two methods by 
which rice seedlings are affected by excess salt. Effect of excessive amount of salt 
present in the soil can rapidly damage the plant by disturbing the osmotic balance to 
result sudden death o f leaves. Prolong damages can be occurred due to the accumulation 
of salts in tissues which can be interfered with the metabolism like protein synthesis of 
the rice seedling. Transport of excess salts to older tissues, acquired salt responsive 
stomata and synthesis of osmoprotectants are some of the mechanisms that are involved 
with salinity tolerance of rice.

According to the past research studies, QTLs associated with different mechanisms of 
salinity tolerance located in various chromosomes were identified under different 
genetic background of rice (Koyama et al., 2001 Singh et al., 2007; Haq et al., 2010; 
Singh and Flowers, 2010). O f them a major QTL (Saltol), was identified on short arm of 
chromosome 1 using RILs derived from IR29/Pokkali cross accounting 43% of the 
variation in shoot Na+/K+ ratio at the seedling stage (Gregorio, 1997a ; Bonilla et al., 
2002). Therefore identification of these QTLs and pyramid them all into one line would 
enable to develop superior cultivars which can be used in marginal land that are 
abandoned due to salinity. Considering the broad objective of developing salinity 
tolerant cultivars by compiling many salinity tolerant QTLs, this project was planned 
aiming at identifying salinity tolerant QTLs using a mapping population derived from 
native rice cross and this report present the project implementation procedure, results 
and outcomes of the project.
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2. OBJECTIVES OF THE PROJECT 

General Objective:

To identify and combine QTLs/genes controlling different physiological mechanisms
that lead to achieve higher level of salt tolerance in popular rice varieties to be used in
salt-affected areas in Sri Lanka.

Specific Objectives: (as stated in the original proposal)

1 . To discover salinity tolerant QTLs, Saltol 1 and other Pokkali inherited QTLs using 
SSR technique in elite rice background

2. To discover novel salinity tolerant QTLs, appeared in At354 x Bg352 cross

3. To identify promising flanking markers for efficiently transfer of the QTLs into 
popular varieties

4. To develop Recombinant Inbred Line population to be utilized in future molecular 
mapping

5. To identify Recombinant Inbred Lines that has accumulated promising QTLs to 
introduce as intermediate parents for future breeding programs

6. Human capacity building in the area of plant molecular breeding

3.0. MATERIALS AND METHOD

3.1. Experimental site

The study was mainly conducted at the Department of Biotechnology, Faculty of 
Agriculture and Plantation Management, Wayamba University of Sri Lanka, Makandura 
Gonawila. Hybridization work was carried out, in collaboration with the Rice Research 
and Development Institute (RRDI), Batalagoda. Some analysis were conducted in the 
Genetech, Sri Lanka and the International Rice Research institute, Philippines where 
due reference were mentioned in the method.

3.2. Selection of parents

At354 (O. sativa) indica rice variety derived from Pokkali and Bg94-1 was selected as 
salinity tolerant parent as it exhibits extreme tolerance to salinity in Sri Lanka. Breeders 
have used Pokkali landrace as a donor of the salinity tolerance in At354 rice variety. 
Bg352 (O. sativa) indica rice variety derived from Bg380/Bg367-4 cross was selected as 
a salinity susceptible cultivar. Both of them are recommended varieties with 3 Vz months 
maturity period, by the Department of Agriculture, Sri Lanka as they contain elite 
characters. Usually both At354 and Bg352 are capable of giving comparatively higher 
yield and the highest yield recorded in both varieties is around 5-6 t/ha. Eventhough 
Bg352 is susceptible to salinity, it is characterized as a variety with resistance to brown 
plant hopper and blast and presently this is the most popular variety in farmers in 
Pollonnaruwa district (Department of Agriculture, 2013). Other than the salinity

2



tolerance associated with At354, it is also resistant to lodging. Therefore, the population 
derived from the cross o f At354 and Bg352 likely to be gained salinity tolerant traits 
along with the other desirable improved traits presented in both cultivars.

3.3. Hybridization

Since the selected parents, At354 and Bg352 are in the same maturity class o f 3 ‘A 
months with the same flowering time; both varieties were established in the field at the 
same time period. Then hybridization o f At354 was done with Bg352 which was used 
as the pollen parent.

3.4. Molecular assessment of hybridity

3.4.1. Extraction of genomic DNA

Genomic DNA was extracted from well grown putative F] seedlings and two parents 
according to the method described in http://rgp.dna.affrc.go.jp/ rgp/protocols/QTL.pdf.

The leaf pieces were homogenized with 300 pi of DNA extraction buffer (1 M KC1, 1 
M Tris-HCl pH 8.0, 0.5 M EDTA pH 8.0). Homogenized mixtures were incubated at 70 
°C for 20 min. Extracts were centrifuged at 13,000 rpm for 15 min under room 
temperature. Then, 100 pi of ice cold iso-propanol was added into new eppendorf tubes, 
and the supernatant of the above centrifuged samples were transferred into them. 
Solutions were mixed gently to facilitate the precipitation of DNA. After mixing, tubes 
were kept at 4 °C for 15-30 min and centrifuged at 13,000 rpm for 15 min under room 
temperature. DNA pellets were washed with 150 pi o f 70% ice cold ethanol by 
centrifuging at 13,000 rpm for 10 min. Supernatants were removed and pellets were air 
dried and dissolved in 200 pi of 1/10 TE buffer (10 mM Tris-HCl pH 8.0, 1 mM EDTA 
pH 8.0).

3.4.2. Assessment of hybridity by SSR markers

According to the Thomson, et al., (2010) two SSR markers viz., RM1287 and RM493 
which were closely associated with the region of Saltol QTL in chromosome 1 were 
selected for the genetically screening of parents for polymorphism (Table 3.1). The 
primer sequence information was obtained from the published sequence database of 
Gramene (http://www.gramene.org).

Genomic DNA of 14 well grown Fj seedlings was amplified along with the parents 
using 2 microsatellite markers with the 15 pi PCR mixture consisted of 5 pi o f genomic 
DNA, 1.5 pi o f 10X PCR buffer, 1.2 pi o f dNTPs (2.5 mM of each dNTP), 0.8 pi of 
primer mixture (20 pM of each Forward and Reverse primer) (Integrated DNA 
Technologies, USA) and 0.25 pi of Taq DNA polymerase (5U/ pi, Sigma, USA). Final 
volume of the mixture was adjusted to 15 pi by adding sterile distilled water. PCR 
amplification was performed using thermal cycler, BIORAD (USA) and amplification 
profile consisted of initial denaturing at 95 °C for 5 minutes followed by 35 cycles of 1 
minute at 95 °C, 30 seconds at relevant annealing temperature (Table 3.1), 1 minute at 
72 °C and final extension cycle of 5 minutes at 72 °C. About 7.5 pi of amplified PCR 
products mixed with 2pl of 6X loading dye were subjected to electrophoresis in 3% 
agarose gel containing ethidium bromide (0.5 pg / ml), in 0.5X TBE buffer at 5V/cm.
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After electrophoresis the gel was visualized under UV light using Quntum ST4 (Vilber 
Lourmat, France) gel documentation system and hybridity o f Fi individuals was 
confirmed by comparing complementary alleles of parents.

Table 3.1. Sequences, and annealing temperatures of selected SSR markers used 
for hybridity assessment

Locus Primer sequence SSR Annealing
name motif Temp. (°C)

RM493 F- TAGCTCCAACAGGATCGACC 
R-GTACGTAAACGCGGAAGGTG

(CTT), 56

RM1287 F-GTG A AGAAAGC ATGGTAAATG 
R-CTCAGCTTGCTTGTGGTTAG

(AG)„ 53

F- Forward primer 
R- Reverse primer

3.5. Development of mapping population

True Fi hybrids were selected from 14 well grown Fi seedlings based on SSR marker 
banding pattern that showed heterozygosity and they were transplanted in the field. Fi 
generation was advanced to F2 population by self pollination of F] individuals. Seeds of 
F2 segregants were planted in the nursery bed at RRDI for 2 weeks and then F2 
seedlings were transplanted in the field. F3 generation was raised through self 
pollination of F2 segregants. Thereafter, F3 generation was advanced to subsequent 
generations through inbreeding towards F5 generation by single seed descent method 
(SSD) to produce recombinant inbred line population (RILs) (Figure 4.2).

3.6. Planting materials for QTL analyses

Out of 281 RILs derived from At354 and Bg352 cross, 100 RILs (F5) were randomly 
selected for mapping of QTLs for salt tolerance.

3.7 Establishment of hydroponic system with saline stress

The mapping population consists of 100 RILs and two parents (At354 and Bg352) were 
assessed for seedling stage salinity tolerance using a hydroponics system, according to 
the screening technique developed by Gregorio et al., (1997b). Screening for salinity 
tolerance was conducted under the natural daylight in the plant house at WUSL. The 
Experimental set up was designed according to the Randomized Complete Block 
Design. Two blocks were used with 10 individual plants from each line per block along 
with the control. Screening set up was prepared by placing the Styrofoam seedling floats 
with nylon net bottom consists of 100 holes in the basin with 23 L capacity (Figure 3.1).
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a h

c

Figure 3.1. Hydropoinic system established for screening at seedling stage salinity 
tolerance.

a-Styrofoam seedling float 
b- Nylon net bottom
c- 23L basin filled Yoshida nutrient solution

Seeds were placed on moistened filter papers in petri dishes and incubated at the room 
temperature for 48 h for germination. After 2 days once seedlings have developed 
primary roots about 2-3 cm long, they were transplanted to the seedling floats 
suspended on basin filled with tap water. After 3 days when seedlings were well 
established, floats were transferred to the basins containing 22 L of Yoshida nutrient 
solution (Yoshida et al., 1976). Initially nutrient solution in each basin was salinized to 
EC of 6 dS m '1 by adding appropriate amount of NaCl (Analytical grade) except for 
control. After 2 days salinity was increased upto EC of 12 dS m '1 (100 mM) by adding 
appropriate amount of NaCl. The pH of the solution was maintained at 5.0 on a daily 
basis, by adding either 1M NaOH or HC1. Nutrient solution was renewed in every 8 
days. Screening was conducted for 21 days from the date of salinization to EC of 12 dS 
m 1. Simultaneously control setup was also maintained under the similar experimental 
condition without salinization.

3.8. Phenotypic assessment of the m apping population for salinity tolerance

The mapping population was phenotypically assessed for salinity tolerance using 9 
morpho-physiological indices viz., standard evaluation score (SES), salinity survival 
index (SSI), shoot length (SL), root length (RL), shoot dry weight (SDW), root dry
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weight (RDW), shoot Na+ concentration (SNC), shoot K+ concentration (SKC) and 
shoot Na+/K+ ratio (SNK) under hydroponics supplemented with 12 dS/m.

3.8.1 Assessment of RILs by salinity survival Index (SSI)

A quantitative parameter called salinity survival index (SSI) was used to assess the 
survival potential of RILs under salt stress which ranges from 0-1. SSI was measured by 
giving maximum weight for the plants that survived throughout the whole period (SSI 
= 1.000) while minimum weight was given for the plants that died at earliest possible 
(closer to 0). Accordingly, the number of dead plants was counted on every three days 
after salinization (upto 12 dS m '1) and the respective seedling survival percentage of 
each day was calculated until 21 days after salinization (DAS). The SSI was calculated 
using the following formula,

Where, D is the Day after salinization (DAS), S is the survival percentage of that 
particular day, n is the total period in DAS (in this experiment n is 21 DAS), Dk is the 
DAS at kth data collection, Sk is the survival percentage o f kth data collection and k=l, 2,
3....n. (Wijerathna et al., 2014).

3.8.2 Assessment of RILs by modified Standard Evaluation Score (SES) of visual 
salt injury.

RILs were also evaluated for salt tolerance based on the modified Standard Evaluation 
Score (SES) (1-9 scale are described in Table 3.2) of visual salt injury at 14 days and 21 
days after salinization, as reported by International Rice Research Institute (Gregorio et 
al., 1997b).

Table 3.2. Modified Standard Evaluation Score (SES) of visual salt injury at 
seedling stage

SES Description Tolerance
1 Normal growth, Only old leaves show white tips while no 

symptoms on young leaves
Highly tolerant

3 Near normal growth, but only leaf tips bum, few old leaves 
become whitish partially

Tolerant

5 Growth severely retarded; most old leaves severely injured, 
few young leaves elongating

Moderately
tolerant

7 Complete cessation of growth; most old leaves dried; only few 
young leaves still green

Susceptible

9 Almost all plants dead or drying Highly
susceptible
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3.8.3. Assessment of RILs by growth parameters

At the 21st day of salinity treatment, shoot and root samples of each line were harvested 
and respective shoot length (SL) and root length (RL) o f the seedlings were measured. 
Then shoot and root materials of each line were oven dried for 3 days at 70 C and 
relevant shoot and root dry weight were also measured.

3.8.4. Assessment of RILs by shoot Na+ and K+ concentrations

For the determination of shoot Na+ and K+ concentrations, hydroponic system was 
established separately as mentioned in the section 3.7 and whole shoot was harvested 
from each line (3 plants from each line) 21 days after salinization,. Shoots were washed 
3 times using distilled water and then dried at 70 °C for 3 days. After drying, samples 
were ground to a fine powder and 10 mg of the powder was used for the extraction in 10 
ml of 0.1 N acetic acid incubated in a water bath of 90 C. Incubation was continued for 
2 h at least till the sample was completely digested. Once extracted solution was cooled 
upto room temperature, solution was filtered using Whatman 1 filter paper and diluted 
10 times. Shoot Na+ and K+ concentrations were measured by flame emission 
spectrometry using a flame photometer at 589 nm.

3.9. Genotypic assessment of mapping population

3.9.1. DNA extraction

Genomic DNA was extracted from randomly selected 100 RILs that was used to assess 
phenotypic parameters according to the method presented in http://rgp.dna.affrc.go.jp/ 
rgp/protocols/QTL.pdf. Detailed method was described in above paragraph 3.4.1.

3.9.2. Selection of SSR markers

At first experiments were targeted to detect previously reported QTL, Saltol, inherited 
from Pokkali, in chromosome 1 as At354 contained the Pokkali genetic background. 
Therefore, 57 SSR markers located in the close proximity to Saltol region was selected 
based on Thomson, et al., (2010), McCouch et al., (1997), Mohammadi-Nejad et al., 
(2008) and Haq et al., (2008) (Table 3.3). Of them 36 SSR markers were associated 
with the main Saltol QTL region and 22 markers were located outside the Saltol QTL 
region. The primer sequence information was obtained from the published sequence 
database (www.gramene.org). Then, in order to find out novel QTLs, ninety two SSR 
markers and 9 InDel markers (Lu et al., 2009), collectively 101 DNA primers (Table 
3.4) covering rest of the 11 chromosomes were used. The sequences were obtained from 
previously reported articles (Thomson et al., 2010; McCouch et al., 2002) and data 
available at Gramene database (www.gramene.org).
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Table 3.3. Sequences and annealing temperature of the selected 57 SSR markers
located on chromosome 1.

Primer Name Annealing T. (°C) Primer Sequence 5’-3’
1 RM8094* 56 AAGTTTGTACACATCGTATACA

CGCGACCAGTACTACTACTA
2 RM10764* 56 AGATGTCGCCTGATCTTGCATCG

GATCGACCAGGTTGCATTAACAGC
3 RM10772* 55 GCACACCATGCAAATCAATGC

CAGAAACCTCATCTCCACCTTCC
4 RM10745* 58 TGACGAATTGACACACCGAGTACG 

ACTTCACCGTCGGCAACATGG
5 RM14 56 CCGAGGAGAGGAGTTCGAC

GTGCCAATTTCCTCGAAAAA
6 RM3412* 55 AAAGCAGGTTTTCCTCCTCC

CCCATGTGCAATGTGTCTTC
7 RM7075* 55 TATGGACTGGAGCAAACCTC

GGCACAGCACCAATGTCTC
8 RM140* 58 TGCCTCTTCCCTGGCTCCCCTG

GGCATGCCGAATGAAATGCATG
9 RM243 58 GATCTGCAGACTGCAGTTGC

AGCTGCAACGATGTTGTCC
10 RM 10852* 58 GAATTTCTAGGCCATGAGAGC 

A ACGG AGGG AGT ATATGTT AGCC
11 RM9* 58 GGTGCCATTGTCGTCCTC

ACGGCCCTCATCACCTTC
12 RM10710* 52 GCTTCGATCGATGAGAAAGTAGAGG

GAATCTCCCATCCTTCCCTTCC
13 RM 10782* 52 CTACTGATATGCCCGTACCAACG 

CCAAACTGGAGTAGTATTAGGTGTGG
14 RM 10746* 52 ATGACTCTTCGCCATTCCATAGC

ACCATGGTCAGCCATCACTAGG
15 RM151 52 GGCTGCTCATCAGCTGCATGCG

TCGGCAGTGGTAGAGTTTGATCTGC
16 RM1344 52 CTGCAATCCGAGTAGGAAGC

TGAGCATTCACTCCGATCTG
17 RM10718* 52 TAACTCGCCACCGATGATTTCG 

CGACCAACGTGCAATAGTACAAGC
18 RM 10776* 52 CCACGGTCAACAGAGAGATTCC

TTTCACCGACGAGGCTATCG
19 RM581 52 ACATGCGTGATCAACAATCG

AATTGGATGTGGATGCACG
20 RM562* 53 CACAACCCACAAACAGCAAG

CTTCCCCCAAAGTTTTAGCC
21 RM493* 56 TAGCTCCAACAGGATCGACC 

GTACGT AAACGCGGAAGGTG
22 RM8115* 50 T AT AT AGTA A ATTT GTTT GGTGTAGG 

AC AG ATGG AT ATT AT A AG A AGT AAC A
23 RM6711* 56 TAGTGATAGGGGTGGTGTGG

TTACAAGCATGGGAGTTGGG
24 RM1287* 53 GT GAAGAAAGCATGGTAAATG 

CTCAGCTTGCTTGTGGTTAG
25 RM3825 58 AAAGCCCCCAAAAGCAGTAC

GTGAAACTCTGGGGTGTTCG
26 RM583 55 AGATCCATCCCTGTGGAGAG

GCGAACTCGCGTTGTAATC
27 RM 10754* 55 GCAGTAGCAGCGGTAGGAGTAGC

CCTGCTGCCTTGAATTGAACC
28 RM 1020 58 AACTTTCCCACCACCACCGCGG

AGCAGCAGCAAGCCAGCAAGCG
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29 RM129 55 TCTCTCCGGAGCCAAGGCGAGG
CGAGCCACGACGCGATGTACCC

30 RM10968 * 55 TCCTTCACCTCCGCCTCAAACC
CCATGGAGACTAGGTGGAACTTGAGG

31 RM1329 55 GAGCTCAATCGAATCTAGACC
ATTGACATTCCTTTGCTTTG

32 RM 10825* 60 GGACACAAGTCCATGATCCTATCC
GTTTCCTTTCCATCCTTGTTGC

33 RM 10864* 60 GAGGTGAGTGAGACTTGACAGTGC
GCTCATCATCCAACCACAGTCC

34 RM11757* 60 GCTTGTTGCCTGTGAACAGTAGC
TGTCAGCATGCAACATCAATCC

35 RM 10694* 60 TTTCCCTGGTTTCAAGCTTACG
AGTACGGTACCTTGATGGTAGAAAGG

36 RM7643 55 TCCTCCTATTCGGTCGAAAC
ACCAACGAAATACCGGCAC

37 RM11008 60 TTTGGATGGTCATTAGCCTCTGG
ATCAACCTTGCATGCTGTCTTCC

38 RM 11300 60 GGTGAGGGAGGTACCGAACTAGG 
AACT AGGGCGCTGGGAGAGG

39 RM472 60 CCATGGCCTGAGAGAGAGAG
AGCTAAATGGCCATACGGTG

40 RM 10793* 60 GACTTGCCAACTCCTTCAATTCG
TCGTCGAGTAGCTTCCCTCTCTACC

41 RM 11874 55 CCACTAGCAGATGATCACAGACG
GAGCACCTCATAAGGGTTTCAGC

42 RM486 55 CCCCCCTCTCTCTCTCTCTC
AGCCACATCAACAGCTTGC

43 AP3206* 55 TTCTCATCGCACCATCTCTG
GGAGGAGGAGAGGAAGAAG

44 RM3412b* 55 TCATGATGGATCTCTGAGGTG
GGGAGGATGCACTAATCTTTC

45 RM10720* 55 GCAAACGTCTACGTGAGAAACAAGC
GCATGTGGTGCCTTAACATTTGG

46 RM 10748* 55 CATCGGTGACCACCTTCTCC
CATCGGTGACCACCTTCTCC

47 RM 10843* 55 CACCTCTTCTGCCTCCTATCATGC
GTTTCTTCGCGAAATCGTGTGG

48 RM 10800* 55 CGTACGCCCTCACATCACCTTTCC
CTCTCCGGGAGCTCACTTGTCG

49 RM 10871* 55 GAGGCTGTAACGTAGACGATGAACC
AAGCCTGCTAGAGAGGCCCAACC

50 RM10890* 55 GCTTCGGCTCTTCATTCACTGG
GCGATTATAGGAGCGCTATGTGG

51 RM 10287 55 GTATTCCTTGCTGCTGCTGATGG
GACTGGAGATGTGATCGGAAACC

52 RM10927* 55 TGGATCCCACTAATCCAAATGC
GAAAGACTCCTTCCAATGTTAGGC

53 RM3252 55 GGTAACTTTGTTCCCATGCC
GGTCAATCATGCATGCAAGC

54 RM10115 55 ACAAGACGAGGTAACACGCAAGC 
GCGAAGGATCAACGATGATATGG

55 RM10701* 55 GAGACACGGCACAATATACAACG 
TTCT ATCTCCG ACCTCTTCTCAAGG

56 RM10711* 55 GCTTCGATCGATGAGAAAGTAGAGG
GAATCTCCCATCCTTCCCTTCC

57
.

RM 10829* 55 CATCCGTGGAGCAAGGAGAGG
CCTAGCTAATTGGAGTCCGGGTTGG

*SSR markers located within the Saltol region (10.8 Mb - 16.4 Mb)
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Table 3.4 Sequences and annealing temperature of the selected 101 SSR/InDel 
markers located on chromosome 2-12.

Primer Annealing 
Tem.( °C) Chromosome Sequence from 5’-3’

1 RM148 55 3 ATACAACATTAGGGATGAGGCTGG
TCCTTAAAGGTGGTGCAATGCGAG

2 RM3867 55 3 TTGACTGGAACATCGAGCTC 
ATCCCCTCT ACACCGTACCC

3 RM6329 55 3 CCCTGGATGAAAAGCACAAG
GAAGTTGTAGATGCCCCATC

4 RM251 55 3 GAATGGCAATGGCGCTAG 
ATGCGGTTCAAGATTCGATC

5 RM293 55 3 TCGTTGGGAGGTATGGTACC 
CTTT ATCTG ATCCTTGGG A AGG

6 RM218 55 3 TGGTCAAACCAAGGTCCTTC 
GACATACATTCTACCCCCGG

7 RM60 57 3 AGTCCCATGTTCCACTTCCG 
ATGGCT ACTGCCTGT ACTAC

8 RM22 57 3 GGTTTGGGAGCCCATAATCT
CTGGGCTTCTTTCACTCGTC

9 RM545 57 3 CAATGGCAGAGACCCAAAAG
CTGGCATGTAACGACAGTGG

10 RM7 55 3 TTCGCCATGAAGTCTCTCG
CCTCCCATCATTTCGTTGTT

11 RM282 57 3 CTGTGTCGAAAGGCTGCAC
CAGTCCTGTGTTGCAGCAAG

12 RM16 57 3 CGCTAGGGCAGCATCTAAA
AACACAGCAGGTACGCGC

13 RM570 57 3 GTTCTTCAACTCCCAGTGCG
TGACGATGTGGAAGAGCAAG

14 RM231 55 3 CCAGATTATTTCCTGAGGTC 
CACTTGCATAGTTCTGCATTG

15 RM5626 57 3 ATCAGTCGGTCATAAACGCC
ACCTTCCTCTTCTGCTGCTG

16 RM554 57 3 GTTCGTCCGTCTCTCGTCTC
CCCAAAAATCTGTGCCTCTC

17 RM563 57 3 CGACCCTAGGGTTTCTCC
CTCGACGTCGTGGAAAGC

18 RM3864 57 3 AGTCAACCTTGGGGGTAAGG 
AGATACTGCCCGTGTCATCC

19 RM130 59 3 TGTTGCTTGCCCTCACGCGAAG
GGTCGCGTGCTTGGTTTGGTTC

20 RM6283 57 3 TGGAGACTGAGCTGATGCC
TCAGGTGGTCGGTTCCTTAC

21 RM411 57 3 ACACCAACTCTTGCCTGCAT
TGAAGCAAAAACATGGCTAGG

22 RM36 57 3 CAACTATGCACCATTGTCGC
GTACTCCACAAGACCGTACC

23 R4M17* 52 4 AGTGCTCGGTTTTGTTTTC
GTCAGATATAATTGATGGATGTA

24 R4M43* 52 4 CTTGAACCTGAGTGAGTGG
CGATGAAAATGATGTCTA

25 R4M50* 52 4 TTTTGTGAAACTTGACCCTC 
GCGTCCATGTCTTTATTGTG

26 R4M13* 52 4 TACACGGTAGACATCCAACA 
ATGATTTAACCGTAGATTGG

27 RM127 60 4 GTGGGATAGCTGCGTCGCGTCG
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1 AGGCCAGGGTGTTGGCATGCTG
28 RM273 55 4 GAAGCCG I'CG 1'GAAGTTACC 

GTTTCCTACCTGATCGCGAC

!--
--

--
--

--
--

--
--

1 1

RM518 58 4 CTCTTCACTCACTCACCATGG
ATCCATCTGGAGCAAC.CAAC

30 RM307 57 4 G I'AC I ACCGACC 1'ACCG ITCAC 
CTGCTATGCATGAACTGCTC

31 RM3843 57 4 ACCCIAC 1'CCCAACAG 1'CCC 
GGGGTCGTACGCTCATGTC

32 RM241 55 4 C.AGCCAAATAAGA I CGCTGA 
TGCAAGCAGCAGA TTTAGTG

33 RM5749 57 4 GTGACCACA 1C I'A I’A 1CGCTCG 
ATGGCAAGG I TCiGA I'CAGl'C

34 RM317 59 4 CATAC I' l ACCAG r I'CACCGCC 
CTGGAGAGTGrCAGCTAGTTG A

35 RM2636 52 4 CGG AGG A AG I'ACC I'l'A I’A A A 
CTTCTCAGATTCTTGTGTGT

36 RM335 57 4 GTACACACCCACATCGAGAAG 
GCTCTA IGCGAGI'A rCCAIGG

37 RM261 57 4 CTACrrCTCCCCTTGTGTCG
TGTACCATCGCCAAATCTCC

38 RM470 57 4 TCCTCATCGGCTTCTTCTTC 
AGAACCCG I 1C l'ACGTCACG

39 RM280 55 4 ACACG A I’CCACT PIGCGC 
TGTGTCTTGAGCAGCCAGG

40 RM 142 59 4 C I'CGC I A I'CGCCA I'CGCCATCG 
TCGAGCCATCGCTGGATGGAGG

41 RM119 61 4 TAGTGCCGAI CGA I'G I'AACG 
C A T A TG G TTTTG A C A A A G C G

42 RM559 59 4 r r c c c c ic c t t it a ig g ig c
TGTTCTCCTC AGTC ACTGCG

43 RM1272 57 4 GGCCGTIGGITCTA A A ATC 
I'GCGCAG 1'A'rCATCGGCG AG

44 RM6303 57 4 CTTCGATCCGGTGACGAC
AACGAAAGCGAAGC'l’GTCTC

45 RM 17708 60 4 CATCCCCCTGCTGCTGCTGC1G 
CGCCGGATC.TG I’GGGACTAGCG

46 RM 17693 59 4 I’CTl CCACAACATGCTCTTCACC 
GC'FGCI ATGI’CAACTAGTGTCTCACG

47 RM1113 57 4 GGGCGCA I GTG I’AT ITC PTC 
TGGGGAAAAACCACAAGCC

48 RM3335 51 4 TAATCCACTGTGTCATTTAA 
ACCATCATCTPGTACCTAGT

49 RI2M27* 55 12 ATT PCAPPGCCATCAGTT 
GTAATCTTCPATCCGTTCA

50 RM102 60 12 AACTTTCCCACCACCACCGCGG
AGCAGCAGCAAGCCAGCAAGCG

51 RM28102 60 12 CACTAATTCTTCGGCTCCACTTTAGG 
GTGGAAGCTCCGAGAAAGTGC

52 RM1261 57 12 GTCCATGCCCAAGACACAAC 
GTTACATCATGGGTGACCCC

53 RM5I9 57 12 AG AG AGCCCCTA A ATTTCCG 
AGGTACGCTCACCTGTGGAC

54 RM247 55 12 TAGTGCCGATCGATGTAACG
CATATGGTTTTGACAAGCG

55 RM463 57 12 1’PCCCCTCCT PTTATGG PGC 
TGTTCTCCTCAGTC ACTGCG

56 RM270 55 12 GGCCGTTGGTTCTAAAATC
TGCGCAGTATCATCGGCGAG

57 RM511 57 12 CTTCGATCCGGTGACGAC
11



AACGAAAGCGAAGCTGTCTC
58 Ba76H14 55 12 GAAACGGGGTCAAATAAGC

GGGTTCGTCCAACAGGAGTA
59 RM277 63 12 CGGTCAAATCATCACCTGAC

CAAGGCTTGCAAGGGAAG
60 RM3326 56 12 CTCATCACCATCGTCACCAC

TCGTCGGGAGAGAGAGAGAG
61 RM491 56 12 ACATGATGCGTAGCGAGTTG

CTCTCCCTTCCCAATTCCTC
62 RM13197 62 2 AAACCCTCCGGCTCATTCTTGC

ACTCGAATCGTATCGGCTTGAGG
63 RM300 57 2 GCTTAAGGACTTCTGCGAACC

CAACAGCGATCCACATCATC
64 RM6318 57 2 TGCTGCTTCTGTCCAGTGAG

GGATCATAACAAGTGCCTCG
65 RM5404 57 2 GGCCATCCATCTCCTGTATG

GACACACACAGGGTTGGTTG
66 RM154 65 2 ACCCTCTCCGCCTCGCCTCCTC

CTCCTCCTCCTGCGACCGCTCC
67 R5M30* 55 5 CTCAATTTCACCCATCCC 

CGCTCCGTCTCCAACCTC
68 RM 527 55 6 GGCTCG ATCT AG AA A ATCCG 

TTGCACAGGTTGCGATAGAG
69 R6M14* 52 6 AAATGTCCATGTGTTTGCTTC

CATGTGTGGAATGTGGTTG
70 RM20224 58 6 AGTATGAAAGTCGGTGACGATGG 

GAGATGTCACGTCTTCACTTAGGG
71 RM248 55 7 TCCTTGTGAAATCTGGTCCC

GTAGCCTAGCATGGTGCATG
72 RM7076 55 7 TGGTTCGATTCGGATTTC 

A AGCT ATTC AC A AGC AGCTC
73 RM11 58 7 TCTCCTCTTCCCCCGATC

ATAGCGGGCGAGGCTTAG
74 RM234 55 7 ACAGTATCCAAGGCCCTGG

CACGTGAGACAAAGACGGAG
75 RM20848 60 7 AAAGTGGGCACTGAGATACAACG

AGCGAAGGCAGTGAAGTTTCG
76 RM21539 60 7 GCCCAACTACTTCGACAGCTTCC 

CAATGACCTGAGTAGCATCCAAGG
77 RM214 55 7 CTGATGATAGAAACCTCTTCTC

AAGAACAGCTGACTTCACAA
78 RM3635 57 7 CGTGAGAGCGTGAGAGACAG

ACTTTGGTGTTCCCTCCCTC
79 RM10 57 7 TTGTCAAGAGGAGGCATCG

CAGAATGGGAAATGGGTCC
80 RM5436 57 7 GCATCCCGGTGACTAGTACG

TGTGCATGTGGTAAGGAACC
81 RM5353 55 8 ACCCTCGATCTCCTAGGCTG

TCTACTCCAAACCCATTGCC
82 RM149 60 8 GCTGACCAACGAACCTAGGCCG 

GTTGG A AGCCTTTCCTCGTA AC ACG
83 RM25 51 8 GGAAAGAATGATCTTTTCATGG 

CT ACCATCAAAACCAATGTTC
84 RM242 55 9 GGCCAACGTGTGTATGTCTC

TATATGCCAAGACGGATGGG
85 RM7175 58 9 ACAGTAAACGTGGTGCCTCC

AGAAGTAGCCTCGAGGACCC
86 RM296 58 9 CACATGGCACCAACCTCC

GCCAAGTCATTCACTACTCTG
87 RM201 55 9 CTCGTTT ATT ACCT AC AG T ACC
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CTACCTCCTTTCTAGACCGATA
88 RM3I64 55 9 TCCTCCTGCTAGCTGCCTAG

TCGCCTTCCTTTTCACTCAC
89 RM24330 60 9 AAT CCG CGG GAG CAA TCA ACC 

CGA TGA CCA ATG ACG AGG TGA GG
90 R10M30* 52 10 CCCTAAAAATAGAGCAACCT

ACCCATAATACTACCAATCAAC
91 RM304 52 10 TCAAACCGGCACATATAAGAC

GATAGGGAGCTGAAGGAGATG
92 RM228 58 10 CTGGCCATTAGTCCTTGG 

GCTTGCGGCTCTGCTT AC
93 RM258 58 10 TGCTGTATGTAGCTCGCACC 

TGGCCTTT AA AGCTGTCGC
94 RM24855 58 10 TTGGTGTTGTCCACCTCCACATACC

CGTCGATACCAATGGCGACTACC
95 RM24909 58 10 AGCGAATAGGCCCTTAATTTCC 

G ACCCTGTTT AGTTCACG AG ACG
96 R11M23* 52 11 AAGGTTGACAAGGACAGAAG

TCGCAGGAATGGATAAAA
97 RM229 58 11 CACTCACACGAACGACTGAC

CGCAGGTTCTTGTGAAATGT
98 RM21 55 11 ACAGTATTCCGTAGGCACGG

GCTCCATGAGGGTGGTAGAG
99 RM209 55 11 ATATGAGTTGCTGTCGTGCG

CAACTTGCATCCTCCCCTCC
100 RM224 55 11 CACTCACACGAACGACTGAC

CGCAGGTTCTTGTGAAATGT
101 RM332 55 11 GCGAAGGCGAAGGTGAAG

CATGAGTGATCTCACTCACCC

* InDel markers

3.9.3. Screening of parents for polymorphism

At354 and Bg352 parents were screened for the polymorphism with 158 SSR/InDel 
markers using polymerase chain reaction (PCR) which was conducted as mentioned in 
the paragraph 3.4.2.

Amplified PCR products were first analyzed using 3% agarose containing ethidium 
bromide (0.5 pg / ml), in 0.5X TBE buffer at 5V/cm. After electrophoresis the gel was 
visualized under UV light using Quntum ST4 (Vilber Lourmat, France) gel 
documentation system. Based on the discrimination of parental alleles at the respective 
SSR locus, polymorphic SSR markers between parents were selected. Some PCR 
products, o f which respective parental alleles could not be resolved to detect 
polymorphism using 3% agarose gel, were subjected to 8% polyacralmide gel 
electrophoresis (PAGE) as it has higher resolution power than the agarose gel. 
Accordingly, amplified DNA fragments were run on 8% polyacrylamide gel using 
Biometra S2 Model (German) which is available in Genetech Pvt LTd, Sri Lanka 
followed by 0.1 % silver staining. Few primers were subjected to 8% PAGE using Dual 
Triple-Wide Mini-Vertical System (C.B.S. Scientific, CA, USA) which is avaialble in 
International Rice Research Institute, Philippine with IX TBE buffer (Tris- Borate 
EDTA) at 100 V using SYBR-Safe (Invitrogen, Carlsbad, USA) staining (5 pi of 
SYBR-Safe per 50 ml of nanopure water). The gel was visualized using Alpha Innotech 
gel documentation system.
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3.9.4. Genotyping of RILs

The markers that were found polymorphic between parents were used to genotype RILs 
under the same PCR conditions mentioned in 3.4.2. Amplified PCR products o f the RIL 
DNA were analyzed with the same conditions used for the parents. Using the gel 
profiles, manual scoring was conducted to each allele amplified by respective SSR 
markers. Based on the parental alleles, allelic band similar to At354 parental allele was 
designated as “A” genotype. Allelic band similar to Bg352 parental allele was 
designated as “B” genotype. Individuals with heterozygous genotype where both 
parental alleles were present at the respective SSR locus were designated as “h”.

3.10. Analysis of variance

Significant differences among the mapping population for the parameters such as shoot 
length, root length, root dry weight, shoot dry weight, SSI, shoot Na+/K+ ratio, shoot 
Na+ concentration and shoot K+ concentration were detected by Analysis o f variance 
(ANOVA) using SPSS 16.0 (SPSS, 2007). All the measured phenotypic indices of 
parents were compared with Student’s t-test. Correlation coefficients also were 
calculated and frequency distributions were drawn using MINITAB V I7.0 (Minitabl7, 
2010).

3.11. Linkage map construction

Linkage analysis of SSR markers was performed using JoinMap4.1 software (Stam, 
1993). Linkage groups were created at a logarithm of odds ratio (LOD) score threshold 
o f 2. Marker orders were estimated using the maximum likelihood mapping algorithm 
and recombination fractions were converted to map distances (cM) via the Kosambi 
mapping function (Kosambi, 1944).

3.12 QTL analysis

Before proceeding to the detailed QTL analysis, initially each marker genotype was 
analyzed by “single marker analysis method” using student’s t-test to detect whether 
there is an association between marker locus and the quantitative trait. In this method 
each respective trait measured in the mapping population was partitioned according to 
parental marker genotypes resulted in the mapping population.

Each marker locus was also analyzed by single marker regression (SMR) method which 
is similar to student’s t-test using Qgene 4.3.10 software. Detailed QTL analysis was 
performed by employing composite interval mapping (CIM) using Qgene 4.3.10 
(Joehanes and Nelson, 2008) in order to detect the putative QTLs more precisely.

In present study for QTL mapping, physical position (Mb) of the SSR markers based on 
the Nipponbare genome was used for an approximate estimation of marker distances in 
centi Morgan (cM) by multiplying the physical position in Mb by a factor of 4. For this 
estimation o f genetic distances between markers, one million bases on a rice 
chromosome were assumed to be equivalent to approximately 3.92 cM (IRGSP, 2005; 
Thomson et al., 2010; Sandu et al., 2014; Ye et ah, 2011). These cM positions were 
used for QTL mapping by SMR and CIM using Qgene 4.3.10.
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CIM was performed with the standard model with a walk speed of 2 cM and setting 
forward cofactor selection as auto. Permutation test (1000 times) was performed for 
each trait with SMR and CIM approaches to establish an experiment-wise LOD 
threshold value at the 0.05 and 0.01 significance level (Doerge and Churchill, 1996; 
Churchill and Doerge, 1994). The proportion of the observed phenotypic variance 
explained by each QTL was estimated by the coefficient o f determination (R2) 
(McCouch et al., 1997). QTL names were designated following the standard rice QTL 
nomenclature (McCouch and CGSNL, 2008).

4. RESULTS

4.1. Molecular assessment of hybridity.

In present study, At354 (donor parent for salinity tolerance) was crossed with Bg352 
(salinity susceptible recurrent parent) using At354 as a female partner. According to the 
results of the hybridization, F| progeny consisting of 119 Fj seeds was developed and of 
them only 14 Fj seeds successfully produced vigorous F( seedlings. Subsequently, all 
14 F] seedlings were subjected to molecular assessment of the hybridity in order to 
select the true hybrids. Accordingly, RM1287 and RM493 markers exhibited 
polymorphism between At354 and Bg352 alleles at the respective loci. These two 
markers were used to examine the hybridity of 14 well grown Fi individuals. 
Consequently, hybridity of 6 Fi individuals was confirmed proving their heterozygosity 
at the respective loci representing two specific alleles of both parents (Figure 4.1). Rest 
of the 8 Fi individuals were confirmed as off-types as they exhibited only one o f the 
alleles of parents (Figure 4.1).

4.2. Development of mapping population

Selected 6 true hybrids were established in the field and of them, 350 F2 segregants 
were raised successfully followed by advancing of subsequent generations upto F5 
generation by single seed descent method (Figure 4.2). The final F5 progeny consisted 
of 281 lines of recombinant inbred lines which could be utilized as the mapping 
population for salt tolerance.
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(a)

(b)

Figure 4.1. PCR profiles generated with At354, Bg352 and F| individuals using RM1287 
and RM493 SSR markers (a) PCR profile generated by RM1287 (b) PCR 
profile generated by RIVI493 SSR markers.
Lane PI- At354 parent, Lane P2-Bg352 parent, Lane 1-14- F| individuals

PI (At354) X P2 (Bg352)

|  Artificial cross pollination

]ri (119 seeds- 14 F| seedlings- well grown)

Molecular assessment

F| true hybrids (6)
Self- pollination

1r 2 (350 F2 segregants)

J Self- pollination

7j (350 Fj individuals)

J SSD & Self - pollination

17 4 (281 lines)

\\ SSD & Self - pollination

Fj (281 lines)

Figure 4.2. Schematic representation showing the number of lines produced by each 
advanced generation.
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4.3. Variation of phenotypic traits in mapping population under salinity stress

In this preliminary study subset o f RIL population consists o f 100 RILs were evaluated 
for salinity tolerance phenotypically along with 2 parents At354 and Bg352 using 9 
morpho-physiological parameters viz., Salinty Survival Index (SSI), modified Standard 
Evaluation score (SES), shoot length (SL), root length(RL), shoot dry weight (SDW), 
root dry weight (RDW), shoot Na+ concentration (SNC), shoot K+ concentration (SKC) 
and shoot Na+/K+ ratio (SNK) (Figure 4.3 and 4.4). Mean performances o f  the parents 
and the RIL population for all the measured morpho-physiological indices under saline 
stress are summarized in the Table 4.1. Accordingly, selected both parents were 
significantly different for all the measured indices indicating their divergent 
performances under saline stress condition (Table 4.1) (Figure 4.3). Mean values 
observed in RIL population were indicated in Table 4.2. In the present study, 
association o f higher coefficient of variation (CV) with dry biomass o f shoot (CV- 
34.99%) and root (CV- 47.48%) showed comparatively wider variation than the 
variation o f shoot and root length among RILs under salt stress. Mean shoot length 
(21.44 cm) and root length (14.86 cm) in the population were closer to the average of 
the tolerant and susceptible parent (20.72 cm and 14.9 cm respectively) ranging from 
7.92 cm to 34.45 cm and 8.5 cm to 26.05 cm respectively (Table 4.1).

For the detection of QTLs in chromosomes, it is essential to evaluate the phenotypic 
variation among RIL population for the considered characters. Results o f the analysis of 
variance, revealed that differences among RILs were highly significant (p<0.01) for all 
the traits except SES (Table 4.3). Significant difference was not observed among 2 
blocks indicating the absence o f the blocking effect in the experimental set-up, on 
phenotypic responses of the RILs.

4.4. Frequency distributions of the RIL population

According to the frequency distributions all the morpho-physiological parameters 
except SES (as SES was assigned as categorical basis) showed continuous and normal 
distribution which lay down within the acceptable range o f skeweness below +1.5 and 
above 1.5 (Tabachnick and Fidell, 2013), exhibiting quantitative nature o f the traits 
(Figure 4.5 and 4.6). The maximum and the minimum root lengths observed in RILs 
were 8.5 cm and 26.05 cm, for shoot length 7.92 cm and 34.45 cm. The variation of 
shoot dry weight, root dry weight and Na+/K+ were 0.056 g to 0.45 g, 0.016 g to 0.204 g 
and 0.696 to 6.722 respectively. For shoot Na+ and K+ concentrations maximum values 
obtained were 1.9360 and 0.6580, the lowest measurements were 0.3542 and 0.2132 
respectively. The highest SSI demonstrated in the RIL population was 0.938 and the 
lowest was 0.104. Transgressive segregants were also observed across all the measured 
traits in both directions indicating superior and inferior performances o f certain RILs 
beyond the tolerant and susceptible parents (Figure 4.5 and 4.6). However, very few 
transgressive segregants were observed with shoot Na+ concentration, shoot K+ 
concentration and shoot Na+/K+ ratio as two parental means existed at the lower and 
upper extremities with respective to each trait (Figure 4.6).
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4.5. Correlations among phenotypic characters for saline stress.

According to the correlation analysis of the studied traits, salinity survival index (SSI) 
was significantly, strongly and positively correlated with shoot length (r=0.719) at
0.001 significance level (Table 4.4). Root length (r=0.338, P < 0.001), shoot dry weight 
(r= 0.246, P < 0.05) and root dry weight (r-0.430 , P < 0.01) were also showed 
significant association with SSI indicating the increment of these traits along with the 
increment of the SSI (Table 4.4). However, it was noted that based on the value o f the 
correlation coefficient, strength of the association of these 3 traits with SSI was 
comparatively weak. And also, according to present results, it was observed that shoot 
Na+ concentration was inversely correlated with SSI (r = -0.367), at 0.001 significance 
level with a comparatively weak association between these two traits. In addition, strong 
positive correlations were also observed between pair of traits o f shoot length and root 
length (r^0.607, P < 0.001), shoot dry weight and root dry weight (r=0.719, P <
0.001), shoot Na+ concentration and shoot Na+/K+ ratio (r=0.849, P < 0.001) and shoot 
K+ concentration and shoot Na+/K+ ratio (r=0.626, P < 0.001) (Table 4.4).

Table 4.1. Phenotypic variations of 9 traits in two parents (At354, Bg352) and RIL 
population under salinity tress (EC= 12 dS/m)

Trait Means of Parents RIL population
At354 Bg352 Mean Min Max SDa CVb

%
Skewn
-ess

SES 3 7 7.07 4.3 9 1.366 19.32 -
SL (cm) 26.67*** 14.78*** 21.44 7.92 34.45 6.098 28.44 0.10
RL (cm) 16.28*** 13.53*** 14.86 8.500 26.05 2.989 20.12 0.69
SDW (g) 0.200*** 0.056*** 0.226 0.056 0.450 0.079 34.99 0.38
RDW (g) 0.075 *** 0.0375*** 0.074 0.016 0.204 0.035 47.48 0.90
SSI 0.7634 0.2232 0.5405 0.1036 0.9375 0.2191 40.54 -0.21
SNC
(mmol/g)

0.3202*** 1.8195*** 1.0725 0.3542 1.9360 0.3604 33.61 0.55

SKC
(mmol/g)

0.6396*** 0.2814*** 0.4052 0.2132 0.6580 0.0894 22.06 0.63

SNK
(mmol/g)

0.5005*** 6.512*** 2.816 0.696 6.722 1.237 43.93 0.82

Modified Standard Evaluation Score (SES), Salinty Survival Index (SSI), Shoot length (SL), 
Root length(RL), Shoot dry weight (SDW) and Root dry weight (RDW), Shoot Na+ 
concentration (SNC), Shoot K+ concentration (SKC) and Shoot Na+/K* (SNK) ratio

aSD-Standard deviation 
bCV- coefficient of variation

*** significant at P <0.001 according to Student’s t-test;
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Tabic 4.2. Mean values of RIL population for the phenotypic characters measured 
under salt stress.

!
| Line 

No
Root

length
(cm)

Shoot
length
(cm)

Shoot
dry

w e ig ­
ht
(g )

Root
dry-

weig­
ht
(g )

SSI
Shoot Na+ 
conccntrat 

-ion
(mmol/g)

Shoot K+ 
conccntrat 

-ion
(mmol/g)

Shoot
Na+/K+
ratio

SES

1 8.5 12.21 0.231 0.069 0.236 1.902 0.348 5.462 9
2 10.97 12.61 0.056 0.016 0.104 1.936 0.372 5.199 9
3 9.02 12.91 0.239 0.058 0.227 1.812 0.452 4.009 8.9
4 19 19.7 0.206 0.089 0.411 1.679 0.514 3.263 8.7
5 13.63 12.45 0.258 0.044 0.198 1.232 0.634 1.944 9
7 11.58 10.93 0.095 0.030 0.111 1.829 0.489 3.741 9
8 12.76 13.51 0.099 0.022 0.168 1.271 0.628 2.023 9
9 10.87 12.56 0.146 0.042 0.182 1.645 0.520 3.162 9
12 13.94 14.17 0.094 0.024 0.170 1.499 0.424 3.539 9
14 13.26 17.11 0.128 0.033 0.314 1.599 0.348 4.591 9
15 17.82 22.95 0.205 0.067 0.200 1.133 0.431 2.630 8.6
16 13.74 17.81 0.175 0.038 0.289 1.737 0.364 4.774 8.8
17 ^ 14.83 15.71 0.111 0.029 0.377 1.543 0.375 4.112 9
18 22.41 33.43 0.237 0.063 0.529 1.334 0.426 3.129 7.2
19 26.05 33.2 0.244 0.051 0.186 1.116 0.463 2.408 8.4
2 0 12.78 12.18 0.200 0.043 0.166 0.738 0.505 1.461 9
21 10.84 12.62 0.249 0.036 0.132 0.631 0.497 1.268 9
2 2 16.38 19.02 0.159 0.051 0.398 0.762 0.658 1.157 7.8
2 3 16.05 15.11 0.202 0.044 0.263 0.607 0.649 0.933 8.7
2 4 12.62 13.77 0.205 0.072 0.273 0.808 0.435 1.857 8.4
2 5 9.82 13.31 0.274 0.081 ro.245 0.844 0.392 2.152 8.7
2 9 17.03 18.25 0.195 0.055 0.455 0.854 0.435 1.963 7.2
3 0 12.80 15.53 0.257 0.078 0.395 1.126 0.387 2.911 8.4
31 13.8 22.09 0.160 0.065 0.546 0.951 0.370 2.573 7
3 2 14.94 20.76 0.296 0.112 0.450 0.987 0.388 2.544 7.6
3 3 16.8 25.60 0.263 0.087 0.616 0.946 0.432 2.189 6.3
3 4 15.05 28.75 0.320 0.107 0.811 0.611 0.460 1.327 4.8
3 6 17.29 27.25 0.236 0.07 0.893 1.121 0.398 2.816 4.6
3 7 13.35 17.58 0.199 0.070 0.484 1.029 0.431 2.388 7.7
3 9 10.54 7.92 0.096 0.029 0.519 1.621 0.341 4.751 7.4
4 0 13.86 21.33 0.249 0.077 0.534 1.281 0.412 3.107 6.6
41 14.81 27.94 0.175 0.061 0.830 0.932 0.547 1.702 5.15
4 2 18.42 28.63 0.259 0.092 0.798 1.063 0.341 3.115 5.4
4 3 13.77 21.85 0.267 0.081 0.568 0.893 0.368 2.425 7.1
4 4 13.68 23.74 0.289 0.077 0.463 0.888 0.432 2.055 7.6
4 5 11.46 20.51 0.175 0.063 0.461 1.436 0.316 4.551 8.2
4 7 11.61 17.08 0.121 0.037 0.504 1.378 0.270 5.102 7.8
5 0 16.3 22.27 0.319 0.081 0.614 1.019 0.375 2.715 6.5
51 11.17 21.35 0.364 0.118 0.591 0.791 0.443 1.783 6.3
5 3 12.74 18.64 0.237 0.080 0.470 1.359 0.287 4.732 7.9
5 4 17.05 25.15 0.342 0.101 0.775 1.140 0.296 3.857 5.5
5 6 16.41 26.16 0.444 0.176 0.664 0.970 0.438 2.216 6
5 8 13.37 20.45 0.153 0.054 0.555 1.844 0.274 6.721 7
5 9 12.79 17.88 0.262 0.101 0.423 1.004 0.432 2.324 7.8
61 13.52 19.51 0.360 0.125 0.393 1.485 0.364 4.080 7.6
6 4 11.70 18.48 0.359 0.111 0.321 1.194 0.429 2.780 8.4
6 6 11.68 17.87 0.202 0.077 0.393 1.511 0.277 5.453 8
71 16.49 26.50 0.395 0.141 0.766 0.573 0.588 0.973 5.7
72 13.87 29.99 0.238 0.068 0.870 1.378 0.483 2.851 5.3
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7 4 14.84 29.08 0.272 0.107 0.755 0.922 0.497 1.85 5.2
76 12.04 19.29 0.195 0.073 0.329 1.264 0.350 3.615 8.2
77 15.74 23.93 0.242 0.089 0.654 0.966 0.424 2.279 6
7 8 15.45 25.79 0.178 0.054 0.782 1.106 0.321 3.444 6
8 0 17.17 30.2 0.240 0.203 0.791 1.038 0.316 3.290 5.6
82 14.01 23.6 0.197 0.068 0.581 0.679 0.412 1.648 7.3
8 3 17.73 28.11 0.327 0.137 0.786 1.393 0.352 3.950 4.6
8 4 16.24 25.7 0.265 0.120 0.62.3 1.189 0.389 3.052 6.1
8 5 16.24 24.03 0.191 0.070 0.655 1.053 0.361 2.916 6.7
8 7 11.24 16.08 0.189 0.085 0.746 0.878 0.384 2.288 5.2
8 9 16.18 16.24 0.339 0.136 0.800 1.640 0.293 5.601 5.5
9 0 17.93 26.76 0.275 0.117 0.770 0.621 0.370 1.680 5.4
9 5 11.65 18.24 0.332 0.120 0.600 0.835 0.318 2.621 6.4
9 6 17.53 16.56 0.195 0.068 0.786 1.126 0.297 3.789 5.2
9 7 13.5 17.42 0.225 0.060 0.721 0.354 0.509 0.696 5.6
9 8 13.12 18.34 0.372 0.138 0.734 1.043 0.270 3.863 5.8
9 9 21.7 34.45 0.289 0.117 0.832 0.393 0.355 1.106 4.6
1 0 0 18.58 24.08 0.291 0.114 0.689 1.048 0.213 4.916 6.1
102 12.78 26.75 0.196 0.070 0.788 0.771 0.333 2.319 5.5
103 11.22 18.67 0.126 0.031 0.459 0.500 0.233 2.14 8.7
1 0 5 10.91 15.08 0.450 0.032 0.366 0.912 0.196 4.650 8.8

1 0 6  A 13.3 25.54 0.086 0.021 0.809 0.619 0.381 1.624 7.1
1 0 6 18.88 28.64 0.209 0.067 0.602 1.485 0.270 5.498 7.5
107 12.98 23.7 0.265 0.060 0.580 0.854 0.289 2.959 7.5
1 0 9 15.1 32.2 0.250 0.086 0.684 1.019 0.316 3.229 6.1
1 1 0 13.45 29.03 0.099 0.035 0.814 0.718 0.352 2.037 5.5
111 13.31 30.94 0.195 0.062 0.938 0.742 0.335 2.213 4.3
113 16.22 32.6 0.297 0.065 0.814 0.534 0.355 1.502 5.9
114 15.67 31.65 0.197 0.045 0.902 1.082 0.318 3.398 4.3
117 17.60 22.40 0.183 0.048 0.509 1.106 0.318 3.474 7.8
118 11.66 15.93 0.216 0.092 0.488 0.922 0.458 2.014 7
1 1 9 16.50 18.23 0.350 0.132 0.543 0.961 0.478 2.011 6.3
121 13.89 28.73 0.207 0.077 0.718 0.844 0.422 2.000 5.2
123 13.78 20.71 0.210 0.057 0.413 0.869 0.466 1.863 7.4
1 2 4 19.76 28.2 0.294 0.110 0.652 0.801 0.475 1.686 6.4
1 2 5 16.66 21.41 0.243 0.087 0.446 1.528 0.438 3.491 7.4
134 15.09 24.03 0.213 0.067 0.545 1.786 0.483 3.695 7.2
1 3 7 14.7 17.97 0.115 0.027 0.389 0.912 0.509 1.792 8.5
1 3 8 16.92 22.2 0.290 0.066 0.586 0.956 0.561 1.702 6.8
1 4 5 16.85 22.63 0.291 0.094 0.739 0.975 0.466 2.092 5.7
1 4 9 22.02 20.49 0.232 0.067 0.761 1.014 0.469 2.162 7.5
1 5 0 17.35 14.76 0.142 0.045 0.225 0.883 0.389 2.267 8.6
151 15.5 22.44 0.164 0.040 0.513 0.592 0.526 1.125 7.6
153 16.32 24.56 0.223 0.143 0.650 0.835 0.398 2.097 6.9
1 5 4 18.05 20.21 0.138 0.046 0.486 0.539 0.301 1.787 7.8
155 11.86 10.04 0.115 0.028 0.411 1.065 0.344 3.096 8.3
1 5 8 16.3 15.01 0.271 0.073 0.288 0.670 0.415 1.613 8.
1 5 9 16.74 22.28 0.159 0.059 0.571 0.759 0.374 2.031 7.1
162 15 24.76 0.152 0.041 0.732 0.757 0.483 1.566 5.8
163 15.71 27.72 0.148 0.110 0.909 1.029 0.426 2.412 6.7
1 6 6 18.8 30.4 0.194 0.050 0.752 0.917 0.355 2.580 6.2
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Bg35 At354

Figure 4.3. Screening of At354 and Bg352 parents for seedling stage salinity tolerance 
under salinity stress condition; 21 days after salinization

Figure 4.4. Screening RILs for seedling stage salinity tolerance under salinity stress 
condition (EC 12 dS/m). a and b -  RIL Line No. 15-19, 74, 76,77,78,89 and 82, 21 days 
after salinization, c- Control set-up without salinization
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At354
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At354

Shoot Dry W tig h t (g)

Figure 4.5. Frequency distributions of salinity survival index, shoot length, root length, 
root dry weight and shoot dry weight in RIL population derived from At354 x Bg352.
Parental means are indicated by arrow.
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Shoot Na-.K- ratio

Figure 4.6. Frequency distributions of shoot Na+ concentration, shoot K+ concentration 
and shoot Na+/K+ ratio in RIL population derived from At354xBg352. Parental means are 
indicated by arrow.
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Table 4.4. Correlations of 8 morpho-physiological traits examined in the RIL 
population (100 RILs) derived from At354 x Bg352 under salt stress

SSI SL RL SDW RDW SNC SKC

SL 0.719*"
RL 0.338** 0.607*’’
SDW 0.246* 0.242* 0.168ns
RDW 0.430*** 0.359*** 0.244* 0.719***
SNC -0.367*** -0.333** -0.230* -0.171ns -0.154ns
SKC -0.275** -0.143ns 0.057ns -0.040ns -0.129"5 -0.196ns
SNK -0.144ns -0.213* -0.205* -0.09 lns -0.057ns 0.849*** -0.626***

*Significant at 0.05, *  *Significant at 0.01, *  *  *Significant at 0.001, mNot significant

Salinty Survival Index (SSI), Shoot Na+ concentration (SNC), shoot K+ concentration (SKC) 
and shoot Na+/K+ (SNK) ratio, Shoot length (SL), Root length(RL), Shoot fresh weight (SFW), 
Root fresh weight (RFW), Shoot dry weight (SDW), Root dry weight (RDW)

4.6. Polymorphism between parental genotypes with molecular markers in
chromosome 1.

From the total of 57 SSR markers used for the parental polymorphism survey, 18 
markers showed polymorphism between parents (Table 4.5) (Figure 4.7 and 4.8) of 
which 17 markers were located within the Saltol QTL region (10.8 Mb- 16.4 Mb) and 
only 1 marker, RM 10287 was located at the telomeric region o f the short-arm of 
chromosome 1 (5 Mb). Accordingly, selected SSR markers on chromosome 1 exhibited 
31.57% of polymorphism between At354 and Bg352 parents.

4.7. Genotyping of RILs with polymorphic markers in chromosome 1

Out of 18 SSR markers, 12 markers viz. RM10852, RM10772, RM140, RM1287, 
RM493, RM 10694, RM3412, RM10864, RM10793, RM10745, RM 10287and 
RM10711 which exhibited significant polymorphism between parental alleles were 
selected for the genotyping of RILs (Figure 4.7 and 4.8).

4.8. Construction of a linkage map in chromosome 1

Linkage map was constructed based on the genotypic data resulted with the 12 markers 
(Table 4.6) (Figure 4.9-4.11) using Kosambi mapping function. Accordingly, 12 
markers were grouped into 2 linkage groups as seven markers in linkage group 1 and 
four markers in linkage group 2 (Figure 4.12). RM10793 was excluded from the 
linkage analysis as genotypic data produced for all 12 markers in the studied population 
were identical to genotypic data of RM 10694. Linkage group 1 and 2 covers the narrow 
length of chromosome 1 as 46.9 cM and 44.0 cM respectively (Figure 4.12).
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Table 4.5. Screening of 57 SSR markers located on chromosome 1 for 
polymorphism between At354 and Bg352 parents

Primer
Name

Presence of 
polymophism 
(P/M)

Presence of
polymophism
(P/M)

Presence of
polymophism
(P/M)

RM8094* P RM562* M RM472 M

RM10764* P RM493* P RM 10793* P

RM10772* P RM8115* M RM 11874 M

RM 10745* P RM6711* M RM486 M

RM14 M RM1287* P AP3206* M

RM3412* P RM3825 M RM3412b* P

RM7075* M RM583 M RM10720* M

RM140* P RM 10754* M RM 10748* P

RM243 M RM1020 M RM 10843* P

RM10852* P RM129 M RM 10800* M

RM9* M RM 10968 * M RM10871* M

RM10710* M RM1329 M RM10890* M

RM 10782* M RM10825* M RM 10287 P

RM 10746* M RM 10864* P RM 10927* M

RM151 M RM 11757* M RM3252 M

RM 1344 M RM 10694* P RM10115 M

RM10718* M RM7643 M RM10701* P

RM10776* M RM 11008 M RM10711* P

RM581 M RM 11300 M RM 10829* M

*SSR markers located within the Saltol region (10.8 Mb -  16. 4 Mb)
P- polymorphic markers between parents, M- Mormorphic markers between parents

26



Figure 4.7. 3% agarose gel electrophoresis of PCR products resulted from the 
amplification of At354 and Bg352 parents with SSR markers RM10852, RM10772, 
RM140, RM1287, RM493, RM10694, RM8094, RM3412, RM10864 and RM10793

Lane L- 100 bp DNA ladder, At- At354 parent, Bg-Bg352 parent
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a
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b

c

d

At Bg 1 2 3 4 5 6 7 8 9 10 11

Figure 4.9. 3% agarose gel profile showing the amplification of 11 RILs along with At354 
and Bg352 parents using SSR markers RM1287, RM10694, RM493 and 
RM10772

a- amplification with RM1287 SSR marker 
b- amplification with RM 10694 SSR marker 
c- amplification with RM493 SSR marker 
d- amplification with RM 10772 SSR marker

At- At354 allele (upper fragment) Bg- Bg352 allele (lower fragment)
Lane 1-11-RlLNo. 1,2,3,4.5,7,8.9,12,14 and 15
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Figure 4.10. 3% agarose gel profile showing (he amplification of 11 RILs along with 
At354 and Bg352 parents using SSR markers RM140, RM10852, RM10864 
RM3412 and RM 10793

a- amplification with RM140 SSR marker b- amplification with RM10852 SSR marker 
c- amplification with RM10864 SSR marker d- amplification with RM3412 SSR marker 
e-ampliflcation with RM10793 SSR marker

At-At354 allele (lower fragment) Bg- Bg352 allele (upper fragment)
Lane 1-11-RILNo. 1,2,3,4.5,7.8.9.12,14 and 15
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At Bg 1 2 3 4 5 6 7 8 9 10 11

Figure 4.11. 8% polyacrylamide gel profile showing the amplification of 11 RILs along 
with At354 and Bg352 parents using SSR markers RM10287, RM10745 and 
RM10711

a- amplification with RM10287 SSR marker (At354 allele -lower fragment, Bg352 - allele 
upper fragment)
b- amplification with RM10745 SSR marker (At354 allele -upper fragment, Bg352 - allele 

lower fragment)
c- amplification with RM10711SSR marker (At354 allele -lower fragment, Bg352 - allele 

upper fragment)

At- At354 allele, Bg- Bg352 allele
Lane 1-11-RILNo. 1,2,3,4,5,7,8,9,12,14 and 15
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Table 4.6.Genotypes obtained for RILs with 12 SSR markers located on 
chromosome 1

RIL No

RM
10

28
7

RM
12

87

RM
10

69
4

RM
10

71
1

RM
34

12

RM
 10

74
5

RM
10

77
2

RM
49

3

RM
14

0

RM
10

79
3

RM
10

85
2

RM
10

86
4

1 A A A B A A A A A A A A
2 A B A A A B B A A A A A
3 A B B B A B B A B B A B
4 A B A A A B B A B A A A
5 A A A B A A A A B A A A
7 A A A B A A A A B A A A
8 A B A A A h B A B A A A
9 A A A A A h A A A A A A
12 A B A A A B B A A A A A
14 A B A A A B B A A A A A
15 B A A B A A A A A A A A
16 A A A A A B B B B A A A
17 A B A A A B B B A A A A
18 A A A B A A A B A A A A
19 A A A B A A A B A A A A
20 A B A A A B B B A A A A
21 A B B - B h B B B B B B
22 A A A - A A A B A A A A
23 B A A - A A A B A A A A
24 A B A A A B B B B A A A
25 A B A A A B B B B A A A
29 A B A A A B A h A A A A
30 A A A - A A A B A A A A
31 A A A A A B A B B A A A
32 A A A A A h A A A A A A
33 A A A A A h A A A A A A
34 h A A B A h A A A A A A
36 A B A A A B B B A A A A
37 A B A A A B B B A A A A
40 B A A B A B A A A A A A
42 B B B B B B B B B B B B
43 A A A B A A A A A A A A
44 A A A B A A A A A A A A

32



RIL No

RM
10

28
7

RM
12

87

RM
10

69
4

RM
10

71
1

RM
34

12

RM
 10

74
5

RM
10

77
2

RM
49

3

RM
14

0

RM
10

79
3

RM
10

85
2

RM
10

86
4

45 A B A A A B B B A A A A
47 A B B B A B B B B B A B
50 A B A A A h B B A A A A
51 A A A B A A A A A A A A
53 A B A A A B B B A A A A
54 A B A A A B B B A A A A
56 A B A A A B B B A A A A
58 A B A A A B B B A A A A
59 A B A A A B B B A A A A
61 A B A A A B B B A A A A
64 A A A B A A A A A A A A
66 A B A A A B B B A A A A
71 A A A B A A B A A A A A
72 A A A B A A B A A A A A
74 A B A A A B B B A A A A
76 A A A B A A A B A A A A
77 A A A A A B A B A A A A
78 A B A A A B B B A A A A
80 A h A A A h A h A A A A
82 A A A B A A A B A A A A
83 A A A B A A A B A A A A
84 A A A A A B A B A A A A
85 A B A A A h B B A A A A
87 A A A B A A B B A A A A
89 A B A A A B B B A A A A
90 A B A A A B B B A A A A
95 A A A B A A A B A A A A
96 A B A A A B B B A A A A
97 B A A - A A A A A A A A
98 A A A A A B A A A A A A
99 A A A B A A A A A A A A
100 A B A A A B B B A A A A
102 A h A B A A A h A A A A



RILNo RM
10

28
7

RM
12

87

RM
10

69
4

RM
10

71
1

RM
34

12

RM
10

74
5

RM
10

77
2

RM
49

3

RM
14

0

RM
 10

79
3

RM
10

85
2

RM
10

86
4

103 A A A B A A A A A A A A
105 A h A A A h A h A A A A

106 A A h A A A A A A A A A A
106 A B A A A B B B A A A A
107 A B A A A B B B A A A A
109 A A A B A A B A A A A A
110 A A A A A B B B A A A A
111 A B A A A B B B A A A A
113 A B A A A B B B A A A A
114 A B A A A B B B A A A A
117 A B A A A B B B A A A A
118 A A A - A A A A A A A A
119 A B A A A B B B A A A A
121 A B A A A B B B A A A A
123 A A A B A A A A A A A A
124 A A A B A A A A A A A A
125 A A A A A B B B A A A A
134 A A A B A A A A A A A A
137 A B A B A A A B A A A A
138 A h A B A A h h A A A A
145 A B A A A B B B A A A A
149 A B A A A A B B A A A A
150 A B A A A B B B A A A A
151 A A A B A A A A A A A A
153 A B A A A B B B A A A A
154 A A A A A A A A A A A A
155 A B A A A B A A A A A A
158 B B h A h B B h h h B B
159 A A A - A A A B A A A A
162 A B A - B B B A A A B B

A- At354 allele, B-Bg352 allele, h- heterozygous, missing data
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0 0 - —  RM10745

Linkage 
Group 2

112 — -  RM1287

19 2 -R M  107 72

44 0 — — RM493

0 0 — — RM10711

Linkage
Group 1

35 3 - - R M  10287

39 3 x RM10852
39 6 —t=4— RM3412
410 — r~ RM10864
4 18-^ v  RM10694

469 —0 — RM140

Figure 4.12. Linkage map of chromosome 1 showing 2 linkage groups resulted from 11 
polymorphic SSR markers.

Distances are indicated in Kosambi centimorgans

4.9. Detection of QTLs in chromosome 1

4.9.1. Detection of QTLs by single marker analysis method.

Using single marker analysis (student’s t-test), 12 SSR marker loci were analyzed to detect 
whether there is an association between marker locus and the 5 quantitative traits assessed in 
this study (Table 4.7). Accordingly, significant differences were observed between At354 and 
Bg352 marker genotypes at RM140 locus with SSI {p<0 .001), shoot length (p < 0 .0 1 ) and root 
length (p< 0.05) indicating the possibility of having association of these 3 traits at RM140 locus 
(Table 4.7). Both shoot Na+/K+ ratio and shoot K+ concentration exhibited significant 
differences between At354 and Bg352 genotypes at RM1287 (p< 0 .05) and RM10745 (p<0.001) 
inferring probable association at these 2 loci. Other than these two loci, shoot Na+/K+ ratio was 
also significantly associated with RM 10772 (p< 0 .05) whereas shoot K+ concentration exhibited 
association with RM493 and RM10711 at 0.01 significance level.

Moreover, at RM 10745 marker locus, shoot Na+ concentration was exhibited significant 
difference between parental genotypes at 0.05 significance level. It was noted that among the 12 
marker loci, RM140 marker locus was significantly associated with 3 traits i.e. Shoot 
length, root length and SSI while RM 10745 was significantly associated with shoot 
Na+/K+ ratio, shoot Na+ concentration and shoot K+ concentration. Furthermore, it is 
interesting to note that all these associations were detected within the previously 
reported Saltol QTL region.

4.9.2. Mapping of QTLs by single marker regression.

Each marker locus was analyzed by single marker regression (SMR) method which is 
similar to student’s t-test using Qgene 4.3.10 software. Accordingly, 4 significant
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putative QTLs for SSI, shoot length, shoot Na+/K+ ratio and shoot K+ concentration 
were detected with LOD score ranging from 2.9-3.1 explaining 11.8-14.2% phenotypic 
variation o f each trait (Table 4.8). All 4 QTL positions were significant at 0.01 level of 
significance according to the LOD threshold resulted with 1000 permutation. Out of 4 
QTLs, QTLs responsible for SSI and shoot length were co-localized at the RM140 SSR 
marker flanking RM10772 and RM10793 markers at 12.3 Mb position (Table 4.8) ) 
(Figure 4.13 a and b). Co-localization o f rest of the 2 QTLs responsible for shoot 
Na+/K+ ratio and shoot K+ concentration was also observed at RM10745 SSR marker 
flanking RM3412 and RM10772 at 11.7 Mb position (Figure 4.13 c and d). These 
results were consistent with the results of the student’s t-test in which highly significant 
association (p<0.001) was detected at RM140 (SSI and shoot length) and RM10745 for 
(shoot Na+/K+ ratio and shoot K+ concentration). However, rest o f the significant 
associations identified by student’s t-test was not detected by single marker regression 
method.

4.9.3, Mapping of QTLs by composite interval mapping.

Moreover, genotypic and phenotypic data were analyzed by composite interval mapping 
(CIM) which combines interval mapping with linear regression to include more markers 
as cofactors, in order to remove the effects of multiple QTLs and enhance the power of 
detection o f QTLs (Zeng, 1994; Collard et al., 2005). Accordingly, only 3 significant 
major QTLs were detected for SSI (qSSIl), shoot length (qSL l) and shoot Na+/K+ ratio 
0qSNKl) (Table 4.8) (Figure 4.14-4.16). Putative QTL identified for shoot K+ 
concentration by both student’s t-test and SMR was not significant with CIM analysis. 
It was noted that all 3 QTLs were associated with the comparatively low LOD value 
ranging from 1.95 to 2.38 which were significant at mainly 0.05 significance level and 
accounting 8.9 to 10.8% phenotypic variability (Table 4.8).

qSSIl and qSLl QTL positions were slightly shifted from 12.3 to 12.5 Mb position and 
coincided with the RM 10793 SSR marker indicating certain deviation from the results 
of the single marker analysis (Figure 4.14 and 4.15). Similarly qSNKl QTL was moved 
to 12 Mb position and located closer to the RM10772 SSR marker (Figure 4.16). 
Further, positive additive effect was observed at qSSIl and qSLl QTL positions 
indicating the contribution of At354 alleles to increase the traits by 0.146 and 6.711 cm 
respectively (Table 4.8) (Figure 4.14 and 4.15). Bg352 alleles have contributed to 
enhance the effect of shoot Na+/K+ ratio at qSNKl QTL by 0.391 (Table 4.8) (Figure 
4.16). However, as salinity tolerance is mainly attributed with low shoot Na/K ratio, 
At354 could be considered as the donor of salt tolerant allele at qSNKl QTL. Summary 
of the locations o f the reported QTLs in chromosome 1 are indicated in the figure 4.17.
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U \ O l U î Uh L/» O i

4L 4L -fL. 4L 4L 4L

■ H
r

3 -
P  CD TT “ 
8

3 2
& p  
■n 3
£" 2T

T3
o  i-h2. r?p*- &
o rr
3

*aO Ng 
2 .  *  

p
O* * "

5g >
Q . 

2. cl

r
O
o

o

P
II

O
O

ro
o

o^
£

°— 7t &
—  p

X  P 3.
§  =  ^
2  n  —°  -  M “  
"t ^  —

8e

Table 4.8. Identified putative Q
TLs for 4 m

orpho-physiological traits assessed in R
IL population derived from

 A
t354/Bg352 cross under 

salinity stress



regression (SM
R).

a- Q
TL m

ap of salinity survival index 
b- Q

TL m
ap of shoot length 

c- Q
TL m

ap of shoot K
+ concentration 

d- Q
TL m

ap of shoot Na+/K
+ ratio

L O D L O Dorac«tn

$*»
OH
t"1
3ss>otfl

6£

ce
3-
5'
4 '

a.«

oa
nsao
* 4 -
sr
05
sroo

*+
ftosftft
9

9

o’9
99a

oo

9

9
5"
o
9
ftsr
o
o
o

ft

fta
O"V!
9CTQ

9

sr

RM10287'

RM1287-
RM10694-
RM10711-
RM3412-

RM10745-
RM10772'

RM 493-^
RM140'

RM10793-

RM10852'
RM10864-

M10287—^

RM1287-
M10694-
M10711'
RM3412-
M10745-
M10772' 
RM493--J RM140̂

M10793—

M10852-
M10864"

a>

L O D L O D

RM10287'

RM1287 —  
RM10694— ■ 
RM10711 —
RM3412—  

RM10745 —
RH10772^. RM493'̂  RMHO-'I
RM10793—

RM10852 '  
RM10864 '

RM10287-

RM1287 - 
RM 10694- 
RM10711-
RM3412-

RM10745-
RM10772- 

RM493- 
RM140' 

RM10793—

RM 10852 - 
RM10864



2.4
1

At3

Bg3

Figure 4.14. QTL map and additive effect graph of salinity survival index on chromosome 
1 resulted by composite interval mapping (CIM)

a- QTL map of salinity survival index showing the location of qS S Il
b- Graph of additive effect indicating contribution of At354 and Bg352 alleles for salinity 

survival index.

At3- At354, Bg3- Bg352
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6.8] b

5
4
3
2
1
0

-1
-1.89

Bg3

Figure 4.15. QTL map and additive effect graph of shoot length on chromosome 1 resulted 
by composite interval mapping (CIM)

a- QTL map of shoot length showing the location of qSL l
b- Graph of additive effect indicating contribution of At354 and Bg352 alleles for shoot 

length.

At3- At354, Bg3- Bg352
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a
1

Bg3

Figure 4.16. QTL map and additive effect graph of shoot Na+/K+ ratio on chromosome 1 
resulted by composite interval mapping (CIM)

a- QTL map of shoot Na+/K+ ratio showing the location of qSN K l
b- Graph of additive effect indicating contribution of At354 and Bg352 alleles for shoot 

Na+/K+ ratio.

At3- At354, Bg3- Bg352
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1
20.0

43.2
44.0 
44.6
46.0
46.8 
48.4
49.2 <2”
49.2 V
50.8
56.0
56.8

RM10287

RM1287
RM10694
RM10711
RM3412
RM10745
RM1Q772
RM493
RM140
RM10793
RM 10852
RM10864

qSN K l

qSSIl
qS L l

Figure 4.17. Putative QTLs identified on chromosome 1 using composite interval mapping 
(CIM). Distances are indicated in Kosambi centimorgans.

qSSIl — QTL identified for salinity survival index
qS L l- QTL identified for shoot length
qS N K l - QTL identified for shoot Na+/K+ ratio
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4.10. Polymorphism between parental genotypes with molecular markers in 
chromosome 3

In 3% percent agarose electrophoresis polymorphism was detected in 5 SSR markers 
(Figure 4.18) out o f 22 in chromosome 3 between parents (Table 4.9). Eight SSR 
markers, which did not show polymorphism in agarose, were analyzed under urea­
denaturing Polyacrylamide gel electrophoresis (PAGE). Figure 4.19 showed that only 
two polymorphic markers could be identified in PAGE. The percentage o f polymorphic 
markers found in chromosome 3 was 31.8% (Table 4.22).

4.11. Genotyping of RILs with polymorphic markers in chromosome 3.

The RIL population was genotyped with five SSR markers i.e. RM7, RM5626, RM251, 
RM6326 and RM36 which showed polymorphism in agarose gel electrophoresis 
(Figure 4.20). There were 85 individuals showing At354 parent allele and 11 individuals 
showing Bg352 allele observed for RM7 marker and RIL population was 100% 
homozygous for RM7. For RM 5626 marker, RILs were 97.9% homozygous and there 
were 63 lines showed At354 allele, 31 lines showed Bg352 and 2 lines showed both the 
parental alleles. The number of RILs exhibited At354 allele and Bg352 allele for the 
marker RM6326 was 82 and 11 respectively. There were 3 lines which were 
heterozygous for RM6326. Therefore RILs were 96.8% homozygous for RM6326. For 
RM251 and RM36 markers there were 85 and 74 individuals showing At354 allele and 
10 and 22 individuals showing Bg352 allele observed respectively. RIL population was 
100% homozygous for both the markers. (Table 4.10).

4.12. Construction of linkage map and identification of QTLs in chromosome 3

Linkage map o f the chromosome 3 was constructed with the genotypic data obtained 
from the amplification o f polymorphic markers. All the five markers were included in 
one linkage group and the markers were distributed throughout the chromosome with an 
average of 12.52 cM linkage distance (Figure 4.21). There was a 26 cM linkage distance 
between markers RM36 and RM6329, a 4.7 cM distance was observed for RM6329 and 
RM7. The smallest distance 0.6 cM was observed between RM7 and RM251. RM5626 
was located 30.6 cM away from RM251. Markers RM6329, RM7 and RM251 have 
concentrated towards the centre region of the chromosome with less distance in the 
linkage map of chromosome 3.

Single marker analysis, revealed that none of the markers were significantly associated 
with phenotypic traits indicating the absence of QTLs in chromosome 3 for measured 
phenotypic traits (Table 4.11). The same results were obtained by the composite interval 
mapping method (Figure 4.22), indicating absence o f salinity tolerant QTLs in 
chromosome 3.
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2 3 2 3

3Q0bp 

lOObp

I 2 3

200bp 

lOObp
200bp

lOObp

2 3

IV

V

Figure 4.18. PCR amplification with RM251, RM6329, RM5626, RM7 and RM36 SSR 
markers located on chromosome 3, showing polymorphism between At354 and Bg352 
parental lines

I) RM251, (II) RM6329, (III) RM5626, (IV) RM7 and (V) RM36

Lane 1- lOObp DNA ladder, Lane 2- At354, Lane 3- Bg352
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Table 4.9. Screening of SSR m arkers located on chromosome 3 for polymorphism 
between At354 and Bg352 parents.

Primer

Presence of 
polymorphism 

(P/M) 
in 3% 

Agarose

Presence of 
polymorphism 

(P/M) 
in 6% 
PAGE

Primer

Presence of 
polymorphism 

(P/M) 
in 3% 

Agarose

Presence of 
polymorphism 

(P/M) 
in 6% 
PAGE

RM148 M P RM16 M *
RM3867 M M RM570 M *
RM6329 P * RM231 M M
RM251 P * RM5626 P *

RM293 M M RM554 M *
RM218 M * RM563 M *

RM60 M M RM3864 M *
RM22 M * RM130 M M
RM545 M P RM6283 M *

RM7 P * RM411 M *

RM282 M M RM36 P *

*Not checked in Polyacrylamide gel electrophoresis
P- polymorphic markers between parents, M- Mormorphic markers between parents M- 
monomorphic

Figure 4.19. Polyacrylamide gel profile exhibiting monomorphic and polymorphic SSR 
markers in chromosome 3.

Lane 1-3: RM 60, Lane 4-6: RM130, Lane 7-9, RM293, Lane 10-12:RM3867, Lane 13- 
15:RM148, Lane 16-18:RM545, Lane 19-21: RM282, Lane 22-24: RM231

Each marker represents three lanes amplified from DNA of At354 parent, Bg352 parent and 
RIL 4, respectively.
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*32 33 34 36 37 39 40 41 42 43 44 45

Figure 4.20. Polymorphism of some RILs amplified with markers in chromosome 3.

*Lanes are numbered based on RIL numbers.

a: RM7 (upper band: At352 genotype, lower band : Bg352 genotype) 
b: RM5626 (upper band: At352 genotype, lower band : Bg352 genotype) 
c: RM6329 (upper band: At352 genotype, lower band : Bg352 genotype) 
d: RM251 (upper band: At352 genotype, lower band : Bg352 genotype) 
e: RM36 (upper band: Bg352 genotype, lower band : At352 genotype)
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Table 4.10. Genotypes obtained for RIL population from five polymorphic 
markers in chromosome 3.

L ine
N o

R
M

7

R
M

56
26

R
M

63
29

<N
S

PC

v©r*)
J?
PC

Line
No R

M
7

R
M

56
26

R
M

63
29

E
OS

1 A A A A A 56 A A A A
2 A A A A A 58 A B A A
3 A A B A B 59 A B A A
4 A A A A B 61 A A A A
5 A B A A A 64 A B A A
7 A A A A B 66 A A A A

8 A A A A A 71 A A H A

9 A A A A A 72 A A A A

12 A B A A A 74 A A A A

14 A A A A A 76 A A A A

15 B B B B A 77 A B A A

16 A A A A A 78 A B A A

17 A A A A A 80 A A A A

18 A A A A A 82 B A H B

19 B A B B B 83 A B A A

20 A A A A A 84 A B A A

21 A A B A A 85 A A A A

22 A A A A A 87 A B A A

23 B B B B A 89 A A A A

24 A A A A B 90 A B A A

25 A A A A A 95 A A A A

2 9 A A A A A 96 A B A A

30 A A A A A 97 B B B B

31 A A A A B 98 A B A A

32 A A A A A 99 A h A A

3 3 A B A A B 100 A B A A

34 B A B B A 102 A B A A

3 6 A A A A A 103 A A A A

3 7 A A A A B 105 A B A A

3 9 B A B B A 106 A A A A A

40 A B A A A 106 A A A A

41 A A A A A 107 A A A A

42 B B A B A 109 A B A A

43 A B A A B 110 A A A A

44 A A A A A 111 A A A A

45 A A A A B 113 A A A A

47 A B B A A 114 A A A A

50 A B A A A 117 B B H B
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51 A A A A B 118 A A A A

53 A A A A B 119 A h A A

121 A A A A A 145 A A A A

123 B B B B B 149 A A B A

124 B A A - A 150 A A A A

125 A A A A A 151 A A A A

134 A A A A A 153 A B A A

137 A A A A A 154 A A A A

138 A B A A A 155 A B A A

145 A A A A A 158 A A A A

A-At354 allele, B- Bg352 allele and h- heterozygous.

CM i

0.0 RM36

26.0 — —  RM6329

30.? - ... RM7
31.3 ■"-MH2S!

61.9 ^ -R M 5 6 2 6

Figure 4.21. Linkage map of chromosome 3 resulted from 5 polymorphic SSR markers.
Distances are indicated in Kosambi centimorgans



Table 4.11. Probability values resulted from the single m arker analysis (student’s 
t-test) in chromosome 3.

Trait” RM7 RM5626 RM6329 Rm251 RM36

RL 0.393 ns 0.665 ns 0.970ns 0.301ns 0.691ns

SL 0.636ns 0.437ns 0.183 ns 0.659 ns 0.734 m

RDW 0.549ns 0.433ns 0.078ns 0.29 l ns 0.466ns

SDW 0.969ns 0.267ns 0.773 ns 0.867ns 0.759 ns

SSI 0.783ns 0.253ns 0.234ns 0.575ns 0.152ns

SNK 0.084ns 0.726ns 0.418 ns 0.128ns 0.169ns

SNC 0.089ns 0.471ns 0.287 "s 0.124ns 0.219ns

SKC 0.147 ns 0.229 ns 0.042 ns 0.207ns 0.178 ns

Root length(RL), Shoot length (SL), Root dry weight (RDW), Shoot dry weight (SDW),
Salinity Survival Index (SSI), Shoot Na+ concentration (SNC), Shoot K+ concentration (SKC) 
and Shoot Na+/K+ (SNK) ratio, 
nsN ot significant

Figure 4.22. Few QTL maps showing low LOD values in chromosome 3.

(a) Shoot NaVK+.
(b) Shoot Na+ concentration.
(c) Shoot K+ concentration.
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4.13. Polymorphism between parental genotypes and genotyping with polymorphic 
markers in chromosome 4.

Nine polymorphic markers from twenty six were found polymorphic in chromosome 4 
using 3% agarose (Table 4.12) (Figure 4.23 a and b). In 6 % Polyacrylamide, only one 
marker showed polymorphism for parental germplasm, out of five markers which were 
monomorphic in 3% agarose gel electrophoresis (Figure 4.24). The percentage of 
polymorphic markers was 38.4% in chromosome 4 (Table 4.22). Genotypic data 
obtained from the amplification of RILs with polymorphic markers are shown in figure 
4.25 a and band table 4.13.

4.14. Construction of linkage map of chromosome 4.

The linkage map of chromosome 4 constructed from the genotypic data obtained from 
polymorphic markers contained only 5 markers as other markers were not linked with 
each other (Figure 4.26). The 5 markers were distributed throughout the genome with 
19.38 cM average. The distance between first two markers R4M17 and RM335 was
14.2 cM. The linkage distance between RM335-RM518 and RM5I8-RM5749 marker 
pairs were 9.1 cM and 26.9 cM respectively. The maximum distance between markers 
observed was 46.9 cM for RM5749 and RM280.

Table 4.12. Screening of SSR markers located on chromosome 4 for polymorphism 
between At354 and Bg352 parents

Primer

Presence of 
polymophism 

(P/M) 
in 3% 

Agarose

Presence of 
polymophism 

(P/M) 
in 6% 
PAGE

Primer

Presence of 
polymophism 

(P/M) 
in 3% 

Agarose

Presence of 
polymophism 

(P/M) 
in 6% 
PAGE

R4M17 P * RM335 P *
R4M43 M * RM261 M M
R4M50 M * RM470 M *

R4M13 M * RM280 P *

RM127 M * RM142 M *

RM273 P * RM119 M *

RM518 P * RM559 P *

RM307 M * RM1272 M *

RM3843 P * RM6303 M P
RM241 M M RM 17708 M *

RM5749 P * RMI7693 P *

RM317 M * RM 1113 M M
RM2636 M * RM3335 M M

*Not check in Polyacrylamide gel electrophoresis
P- polymorphic markers between parents. M- Morniorphic markers between parents
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1 2 3
lOObp

200bp

III

lOObp

200bp

1 2 3

IV

Figure 4.23a. PCR amplification with R4M17, RM335, RM518 and RM5749 SSR 
markers located on chromosome 4 showing polymorphism between At354 and Bg352 
parental lines

I.R4M17 II. RM335 III. RM518 IV. RM5749

Lane 1- lOObp DNA ladder, Lane 2- At354, Lane 3- Bg352
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1 2 3

IV

I. Rm273

II. RM3843

III. RM280

IV. RM559

V . R M 1 7 6 9 3

Figure 4.23b. PCR amplification with RM273, RM3843, RM280, RM559 and SSR 
markers located on chromosome 4 showing polymorphism between At354 and Ug352 
parental lines

Lane I - lOObp DNA ladder. Lane 2- At354, Lane 3- Bg352
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1 2  3 4 5 6 7 8 910 1112131415 16

Figure 4.24. Polyacrylamide gel profile of markers in chromosome 4.

Lane 1-3: RM 241, Lane 4-6: RM261, Lane 7-9, RM6303, Lane 10-12:RM1113, Lane 13- 
15:RM3335, Lane 16:1 OObp ladder

Each marker represents three lanes amplified from DNA of At354 parent, Bg352 parent and 
R1L No. 4, respectively
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Figure 4.25a. Genotyping profile of some RILs amplified with R4M17, RM335, RM518 
and RM5749 markers in chromosome 4

*Lanes are numbered based on RIL numbers.

a: R4M17 (upper band: At352 genotype, lower band: Bg352 genotype) 
b: RM335 (double bands: At352 genotype, single band: Bg352 genotype) 
c: RM 518 (upper band: Bg352 genotype, lower band: At354 genotype) 
d: RM5749 (upper band: At352 genotype, lower band: Bg352 genotype)
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Figure 4.25b. Genotyping profile of some RILs amplified with RM273, RM3843, RM280, 
RM559 and RM17693 SSR markers in chromosome 4

* Lanes are numbered based on RIL numbers.

a: R273 (upper band: Bg352 genotype, lower band: At352 genotype) 
b: RM3843 (upper band: Bg352 genotype, lower band: At352 genotype) 
c: RM280 (upper band: Bg352 genotype, lower band: At354 genotype) 
d: RM559 (upper band: Bg352 genotype, lower band: At352 genotype) 
e: RM 17693 (upper band: Bg352 genotype, lower band: At352 genotype)
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Table 4.13. Genotypes obtained for RIL population from nine polymorphic 
markers in chromosome 4.

f-
s
p? R

M
33

5

R
M

51
8

R
M

57
49

R
M

27
3

R
M

38
43

R
M

28
0

R
M

55
9

R
M

17
69

3

1 B A A A A B B A A
2 A A A A B B B A A
3 A A A A A B B A A
4 A A A B A B B A A
5 A A A A B B B A A
7 A A A B A B B A A
8 A A A A A B A A A
9 B A A A A B A A A
12 A A B A B B B A A
14 A A A A A B A A A
15 B B B A A A B A A
16 A A A A A B A A A
17 A A A A B B B A A
18 H A A A A B B A A
19 A A A A A A B A A
20 A A A A A B B A A
21 B A A A A A B A A
22 B A A A A B A A A
23 A B A B A A B A A
24 A A A A A B B A A
25 B A A A A B B A A
29 A A A A A B A A A
30 A A A A B B A A A
31 A A A A B B A A A
32 A A B A A B A A A
33 A A A A B B A A A
34 A A A A A A B B B
36 A A A A A B A A A
37 A A A B A B B A A
39 A A A B A A B A A
40 B A A A B B A A A
41 B A A B A B A A A
42 A B B A A B B A A
43 A A B A B B A A A
44 A A A A A B A A A
45 A A A A B B A A A
47 B B B A - A B A A
50 A A B B B B B A A
51 A A A A A A B A A
53 A A B B A B B A A
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54 H A A A A B B A A
56 A A A B A B B A A
58 A A B B A B B A A
59 A A A B A B B A A
61 A A A A B B B A A
64 A A A A B B A A A
66 A A B A B B A A A
71 A A A A B B A A A
72 A A A A A A A A A
74 B A A A A B B A A
76 A A A A B B A A A
77 A A A B A A A A A
78 A A A B B B A A A
80 A A A A A A A A A
82 A A A h A B B B B
83 A A B B A A A A A
84 A A A A A A A A A
85 A A A A A A A A A
87 A A A A A B A A A
89 A A A B A B - A A
90 A A A A A A A A A
95 B A A A A B A A A
96 A A A A B A B A A
97 A A A A A A B B B
98 A A A B A B A A A
99 A A A B B B A A A
100 A A B h A B A A A
102 A A A A B B A A A
103 H A A A A B A A A
105 A A A B A B B A A

106 A A A A A A B B A A
106 A A A B B B B A A
107 A A A A A A A A A
109 A A A A B A A A A
110 B A A A A A B A A
111 B A A A A A A A A
113 A A A A A B - A A
114 B A A A A A A A A
117 A A A A A A A A A
118 A A A A A A h A A
119 A A A A A B A A A
121 A A A A A B A A A
123 B B A B A B A B B
124 - A A A A B A A A
125 A A B A A B A A A
134 A A B A A A A A A
137 A A A A A B A A A
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138 A A A A A B A A A
145 B A A A A A A A A
149 A A A A A A A A A
150 A A A A A A A A A
151 B A A A A B A A A
153 A A A B A A A A A
154 A A A B B B A A A
155 A A A A B B A A A
158 B A A A A B B h H

• At354 allele, B- Bg352 allele and h- heterozygote.

R4M17

14 2 

23.1

RM335

RM518

50 0 RM5749

9 $ 9 -y -R M 2 8 0

Figure 4.26. Linkage map of chromosome 4 resulted from 5 polymorphic SSR 
markers. Distances are indicated in Kosambi centimorgans

4.15. Detection of QTLs in chromosome 4

4.15.1. Detection of QTLs by single marker analysis method

Student t- test results, conducted to detect the relationship between quantitative traits 
showed that 5 markers in chromosome 4 were significantly associated with five 
quantitative characters measured, SSI, shoot length and shoot Na+/K+, shoot Na+ level 
and shoot K+ level (Table 4.14) indicating existence of putative QLTs for those 
characters.

4.15.2. Mapping of QTLs by single marker regression
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Single marker regression results showed the presence of two putative QTLs with LOD 2 
at RM280 (qSSI4) and LOD 3 at RM335 (qSNK4) for SSI and shoot Na+/K+ traits 
respectively. According to the results obtained from 1000 permutation test, QTL for SSI 
was significant at 0.05 and QTL for shoot Na+/K+ was significant at 0.01 level. It could 
be explained 9.2% phenotypic variation in SSI by the QTL qSSI4 and 14.1% 
phenotypic variation in shoot Na+/K+ by qSNK4 (Table 4.15 and figure 4.27 ).

4.15.3 Mapping of QTLs by composite interval mapping

Three QTLs in chromosome 4 were detected from the composite interval mapping 
responsible for the phenotypic variation in shoot length, Na+/K+ and SSI (Figure 4.28­
4.30). QTL identified for shoot length was significant at 0.05 level with 2.4 LOD, which 
located in RM3843-RM280 and it could explain eleven percent of the variation 
exhibited in the mapping population. According to the Table 4.15 and Figure 4.29, 
At354 allele contributed to the increment o f shoot length by 3.3 units. The position of 
the QTL identified for shoot Na+/K+ by SMR has been shifted towards RM518 in CIM. 
In this QTL At354 allele has contributed to decrease Na+/K+ by 2.25 units (Table 4.15 
and Figure 4.30). This QTL could elucidate 16 % of the Na/K variation in RIL 
population with 3.6 LOD score, which was significant at 0.01 level. The QTL 
responsible for SSI was significant at 0.01 level and it was located between RM3843- 
RM280 markers with 3.3 LOD score (Table 4.15). The contribution of the QTL to the 
variation of SSI among RILs was 15% and At354 allele contributed to increase the SSI 
by 0.14 units as appeared in additive effect graph (Figure 4.28 and Table 4.15).

Table 4.14. Probability values resulted from the single marker analysis (student’s 
t-test) in chromosome 4

T ra it" R 4 M 1 7 R M 3 3 5 R1M 518 R M 5 7 4 9 R M 3 8 4 3 RIV1280 R M 2 7 3 RIM 5 5 9 R M 1 7 6 9 3

R L 0.259 0.567 0.580 0.485 0.078 0.242 0.617 0.649 0.649
S L 0.732 0.898 0.511 0.916 0 .0 3 3 * 0 .0 1 6 * 0.691 0.662 0.663
R D W 0.154 0.333 0.585 0.137 0.519 0.051 0.561 0.938 0.939
S D W 0.421 0.407 0.917 0.283 0.7417 0.942 0.518 0.799 0.799
S S I 0.722 0.310 0.729 0.385 0 .0 2 4 * 0 .0 0 4 * * 0.504 0.369 0.369
S N K 0.205 0.834 0 .0 0 0 3 * * * 0.070 0.280 0.191 0.094 0 .0 0 9 * * 0 .0 0 9 * *

S N C 0.272 0.655 0 .0 0 8 * * 0.363 0.142 0.112 0.328 0 .0 0 5 * * 0 .0 0 5 * *

S K C 0.298 0.505 0 .0 1 6 1 * 0.179 0.689 0.775 0.050 0.229 0.229

aRoot length(RL), Shoot length (SL), Root dry weight (RDW), Shoot dry weight (SDW), 
Salinty Survival Index (SSI), Shoot Na+ concentration (SNC), Shoot K4 concentration (SKC) 
and Shoot Na+/K+ (SNK) ratio

^Significant at 0.05, **Signficant at 0.01, ***Signficant at 0.001, ’"Not significant
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Figure 4.27. QTL maps of salinity survival index and shoot Na+/K+ ratio on chromosome 4 
resulted by single marker regression (SMR).

a- QTL map of salinity survival index b- QTL map of shoot Na+/K+ ratio
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At 354

0<40!

005 
0

•00701 
Bg 352

/ • \
..... •./ •

....----- ------------- -------

Figure 4.28. QTL map and additive effect graph of salinity survival index on chromosome 
4 resulted by composite interval mapping (CIM)

a- QTL map of salinity surv ival index show ing the location of t /SS/4  
b- Graph of additive effect indicating contribution of AI354 and Hg352 alleles for salinity 

survival
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8g352

Figure 4.29. QTL map and additive effect graph of shoot length on chromosome 4 resulted 
by composite interval mapping (CIM)

a- QTL map of shoot length showing the location of qSL4
b- Graph of additive effect indicating contribution of At354 and Bg352 alleles for salinity 
survival
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Figure 4.30. QTL map and additive effect graph of shoot Na+/K+ ratio on chromosome 4 
resulted by composite interval mapping (CIM)

a- QTL map of shoot Na+/K+ ratio showing the location of qSN K 4
b- Graph of additive effect indicating contribution of At354 and Bg352 alleles for salinity 
survival

65



R4M4/
RM335L
RMS18

qSN K4

R»15/4* —

m m —

RM3f43
m m
RMW9

RM1/693^1 }
qSSI4
qSL4

Figure 4.31. Putative QTLs identified on chromosome 4 using composite interval mapping 
(CIM).

qSSI4 -  QTL identified for salinity survival index 
qSL4- QTL identified for shoot length 
qSNK4 - QTL identified for shoot Na+/K+ ratio

4.16. Polymorphism in parents with molecular markers in chromosome 12 and 
genotyping

For chromosome 12, out o f 13 markers analyzed only RM1261 showed polymorphism 
in 3 % agarose (Figure 4.32). One marker RM511, out of 8 markers which were not 
polymorphic in agarose was found to be polymorphic in 6% PAGE (Table 4.16) 
(Figure 4.33). The total polymorphism percentage observed for chromosome 12 was 
26% (Table 4.22). RM 1261 was used to genotype the RILs and there were 54 
individuals showing At354 allele and 39 were showing Bg352 allele. Results obtained 
from student t test showed that there is no association between the At345 and Bg352 
genotypes for any o f the traits measured at RM1261 (Table 4.17).
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1 2 3

Figure 4.32. PCR amplification with RM126I located on chromosome 12 showing 
polymorphism between At354 and Bg352 parental lines.

Lane 1- lOObp DNA ladder, Lane 2- At354, Lane 3- Bg352

Table 4.16. Surveyed molecular markers in chromosome 12 and their polymorphic
status

primer

Presence of 
polymophism 

(P/M) 
in 3% 

Agarose

Presence of 
polymophism 

(P/M) 
in 6% 
PAGE

Primer

Presence of 
polymophism 

(P/M) 
in 3% 

Agarose

Presence of 
polymophism 

(P/M) 
in 6% 
PAGE

R12M27 M ♦ RM270 M M
RM102 M * RM5I1 M P
RM28102 M M Ba76H14 M ♦
RM1261 P ♦ RM277 M M
RM519 M M RM3326 M M
RM247 M M RM49I M *
RM463 M M

*Not checked in Polyacrylamide gel electrophoresis 
P- polymorphic markers between parents, M- Monomorphic markers between parents
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H i M W
Figure 4.33 Polyacrylamide gel profile of chromosome 12 markers.

Lanel: lOObp DNA Ladder, Lane 2-4: RM 247, Lane 5-7: RM270, Lane 8-10: 
RM28102, Lane 11-13:RM277, Lane 14-16:RM3326, Lane 17-19:RM519, Lane 20- 
22:RM463, Lane 23-25: RM511

Each marker represents three lanes amplified from DNA of At354 parent, Bg352 parent 
and RIL 4, respectively

Table 4.17. Probability values resulted from single m arker analysis at RM1261 in 
chromosome 12. ________________ ___________

T rait" P value

RL
0.739

SL 0.520"'
RDW 0.092"'
SDW 0.396
SSI 0.520"'
SNK 0.954"'

aRoot length(RL), Shoot length (SL), Root dry weight (RDW), Shoot dry weight (SDW), 
Salinty Survival Index (SSI), Shoot Na+ concentration (SNC), Shoot K' concentration (SKC) 
and Shoot Na+/K+ (SNK) ratio, 

nsN ot significant

68



4.17. Analysis of extremely tolerant and susceptible RILs for other chromosome.

Polymorphism between parents for other chromosomes were carried out with 40 
molecular markers. Six polymorphic SSR markers RM13197, RM20224, RM11, 
RM228, RM24909, RM229 located in chromosome 2, 6, 7, 10 and 11 were found 
polymorphic between parents in 3% agarose (Figure 4.34) (Table 4.18). And another 2 
markers out of 5 were polymorphic for parents in 6% PAGE (Figure 4.35). Twnety 
percent polymorphic marker percentage was observed in chromosome 2 and 7 (Table 
4.22). thirty three percent plymorphic marker percentage was observed in each 
chromosome chromosome 6,8 and 10. Chromosome 11 showed 16% polymrphic 
markers from the total markers analysed..

4.18. Genotyping of extreme RILs for polymorphic markers in other 
chromosomes

To reduce the cost of experiment, 10 extreme RILs from each o f both tolerant and 
susceptible ends were selected based on SSI and those RIL lines were used to genotype 
rest o f the polymorphic markers scattered through the other chromosomes of the 
genome. Six markers which were polymorphic in agarose were used to genotype two 
extreme RILs. Distribution of At354 (At) and Bg352 (Bg) alleles with 6 polymorphic 
markers among extreme RILs are shown in Table 4.19. The results of students' t- test 
revealed that there was no significant association observed for any of the traits (Table 
4.20), indicating absence of QTLs at those SSR makers.
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Figure 4.34 PCR amplification with RMI3197, RM20224, RMI1, RM228, 
RM24909, RM229 SSR markers located on chromosomes 2, 6, 7, 10 and II 
respectively, showing polymorphism between AI354 and Iig352 parental lines

I. RM13197 I I . RM20224 III .RM11 IV. RM228 V. RM24909 VI. RM229

Lane l-100bp DNA ladder. Lane 2-At354. Lane 3-Bg352
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1 2 3 4 5 6  7 8  9 10 11 12 1314 15 16

F ig u re  4 .35 . P o lyacry lam id e  gel p ro file  o f  o th e r chrom osom es m a rke rs

Lanel-3: RM 6318, Lane 4-6: RM5436, Lane 7-9, RM7076, Lane IO-12:RM234. Lane 
13-15:RM149, Lane 16:100bp DNA ladder

Each marker represents three lanes amplified from DNA of At354 parent, Bg352 parent 
and RIL 4, respectively
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Table 4.18. Surveyed molecular markers in other chromosomes and their 
polymorphic status.

Primer Chr Presence of polymophism (P/M) 
in 3% Agarose

Presence of polymorphism (P/M) 
in 6% PAGE

1 RM13197 2 P *

2 RM300 2 M *

3 RM6318 2 M M
4 RM5404 2 M *

5 RM154 2 M *

6 R5M30 5 M *

7 RM 527 6 M *

8 R6M14 6 M *

9 RM20224 6 P *

10 RM248 7 M *

11 RM7076 7 M P
12 RM11 7 P *

13 RM234 7 M M
14 RM20848 7 M *

15 RM21539 7 M *
16 RM214 7 M *
17 RM3635 7 M *

18 RM 10 7 M *
19 RM5436 7 M M
20 RM5353 8 M *
21 RM149 8 M P
22 RM25 8 M *
23 RM242 9 M *
24 RM7175 9 M *
25 RM296 9 M *
26 RM201 9 M *
27 RM3164 9 M *
28 RM24330 9 M *
29 R10M30 10 M *
30 RM304 10 M *
31 RM228 10 P *
32 RM258 10 M *
33 RM24855 10 M *
34 RM24909 10 P *
35 R11M23 11 M *
36 RM229 11 P *
37 RM21 11 M *
38 RM209 11 M *
39 RM224 11 M *
40 RM332 11 M *

Chr- Chromosome
*Not checked in Polyacrylamide gel electrophoresis
P- polymorphic markers between parents, M- Mormorphic markers between parents
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Table 4.19. Distribution of At354 (At) and Bg352(Bg) alleles among extreme RILs 
of 6 polymorphic markers for Salinity Survival Index (SSI).

M a r k e r R M 1 3 1 9 7 R M 2 0 2 2 4 R M I 1 R M 2 2 8 R M 2 4 9 0 9 R M 2 2 9

Chromosome 2 6 7 10 10 11

RILs with Lowest 
SSI 
1 At Bg At Bg Bg Bg
2 At At At Bg Bg At
3 At At At Bg At At
7 At At At Bg At At
8 At Bg At Bg Bg Bg
9 At At At Bg Bg Bg
12 At At At At Bg At
20 At At At Bg Bg Bg
21 At Bg At Bg Bg Bg
66 At At At Bg At At
RILs with highest
SSI
23 At Bg At Bg Bg At
34 At Bg At Bg Bg Bg
36 At At At Bg Bg At
41 At At At At Bg At
72 At At At Bg Bg Bg
90 At At At Bg Bg At
97 At Bg At/Bg Bg Bg Bg
110 Bg At At Bg Bg At
111 At At At Bg At Bg
163 At At At Bg At At

At- At354 allele, Bg- Bg352 allele

Table 4.20. Probability values resulted from single marker analysis of polymorphic 
markers in other chromosomes

T r a it 8
R M 2 0 2 2 4 R M 2 2 8 R M 2 4 9 0 9 R M 2 2 9

RL 0.263ns 0.787 "s 0.898 "s 0.723 "s
SL 0.623ns 0.520 "s 0.418ns 0.192 m
RDW 0.110ns 0.673ns 0.57 l ns 0.237ns
SDW 0.819ns 0.517ns 0.960ns 0.739 m
SSI 0.313 "s 0.950 ns 0.824ns 0.730,,s
SNK 0.129ns 0.930 "s 0.051ns 0.143"s

aRoot length(RL), Shoot length (SL), Root dry weight (RDW), Shoot dry weight (SDW), 
Salinty Survival Index (SSI), Shoot Na+ concentration (SNC), Shoot K* concentration (SKC) 
and Shoot Na+/K+ (SNK) ratio, 

nsNot significant
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Table 4.21. Probability values resulted from single marker analysis of RM24909 in 
chromosome 10.

Trait8 P value

RL 0.205 n s

SL 0.696 n s

RDW 0.401 n s

SDW 0.947 n s

SSI 0.591 n s

SNK 0.339 n s

aRoot length(RL), Shoot length (SL), Root dry weight (RDW), Shoot dry weight (SDW), 
Salinity Survival Index (SSI), Shoot Na+ concentration (SNC), Shoot K+ concentration (SKC) 
and Shoot Na+/K+ (SNK) ratio, 

mNot significant

Table 4.22. polymorphic percentages observed in 12 chromosomes.

Chromosome No. of surveyed 
markers

No. of
polymorphic

markers

Polymorphic
percentage

%
1 57 18 31.5
2 5 1 20
3 22 7 31.8
4 26 10 38.4
5 1 - 0
6 3 1 33
7 10 2 20
8 3 1 33
9 6 - 0
10 6 2 33
11 6 1 16
12 13 2 26

4.19. Identification of RILs acquiring favorable alleles

As this study was conducted in elite rice background it is worth to select best 
performing lines and analyze them further. Therefore, RILs that have accumulated 
promising QTLs above 2 LOD are indicated in Table 4.23. In these QTLs, At354 allele 
was considered as the favourable allele at peak and the flanking markers considering 
the additive effect o f each QTL.
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5. DISCUSSION

5.1. Hybridization and Development of mapping population

In the present study, At354 improved rice variety was selected as a donor o f the salinity 
tolerant QTLs as it is a one o f the cultivars which possesses extreme tolerance to 
salinity under elite rice background in Sri Lanka. As At354 was derived from the 
Pokkali which is a salt tolerant landrace extensively used by breeders it was assumed 
that At354 contain many salinity tolerant QTLs.

Usually QTL mapping needs divergent parents and therefore, Bg352 was selected as the 
salinity susceptible parent based on the previous studies conducted by Sirisena et al., 
(2010) and Dahanayake et al., (2015). However, selecting both improved varieties may 
not be favorable for the role o f mapping which needs high percentage o f polymorphism 
between parents. The more the parental lines differ, the more genetic factors can be 
described or mapped theoretically. However, in this study we selected both elite parents 
aiming at not only mapping but also directly using the homozygous salinity tolerant 
recombinants for releasing as salt tolerant lines. Therefore, selection o f parental 
varieties was not purely based on divergence o f the varieties as reported in other QTL 
mapping studies.

Use of molecular marker for testing genetic purity substantially reduce the time, space, 
labour and ultimately the cost involved in testing the genetic purity o f hybrid seeds 
(Nandakumar et al., 2004; Sundaram et al., 2007). Therefore, genetic purity analysis 
through SSR marker will be a useful tool for resolving the problem arises in seed 
certification programme as well as the rapid determination o f genetic purity o f the rice 
hybrids. According to the molecular assessment employed in this study, it was able to 
precisely identify the true hybrids out o f 14 Fi individuals using RM1287 and RM493 
(located on chromosome 1 closer to the Saltol QTL) polymorphic SSR markers between 
parents. It was found that 8 lines were not hybrids from the DNA analysis. Hence, it is 
worth to utilize RM1287 and RM493 markers for verification of hybridity in future 
breeding programmes which utilize same parental lines.

This study produced a mapping population, by selfing o f selected 6 true hybrids and by 
advancing o f subsequent generations upto F5 generation by single seed descent method 
representing the recombinant inbred line (RILs) population. Recombinant inbred lines 
(RILs) are one o f the most extensively used mapping populations in rice. Since RILs are 
developed by single seed descent method, they maintain the early genetic variability as 
that in Fi.They are the recombinant output from which superior stabilized segregants 
can be directly used as breeding lines. They serve as means for obtaining recombinants 
with desirable traits from both the parents involved in the cross and also transgressive 
segregants o f superior quality. From the molecular perspective, RILs serve as a good 
mapping population. Therefore, mapping and dissecting favourable genes could be 
carried out at any time, as the population revealing different recombination events and 
being homozygous for all the allelic loci.

Usually homosygosity in F5 population is considered as more than 90%. Therefore, in 
this project QTL mapping was conducted with F5 without waiting for F6. However, 
some lines were advanced to F6 as it was a project requirement. According to Vinod, 
2006, RIL population used for mapping in this study (F5 6) should possess around 92.25 
within line percentage homozygosity at each locus as described in Table 5.1 quoted
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from Vinod, 2006. However, in the proposal of this study, it was planned to continue 
QTL mapping using F2.3 families. Due to the fact that the study commenced late, it was 
able to produce F5 progeny and therefore, this study was proceeded with F5 lines. The 
results ol the ANOVA also proved that within line variation in F5 was negligible.

Table 5.1. Level of inbreeding and corresponding percentage within-linc 
homozygosity at each locus in R1L population

R1L population level of 
inbreeding

Percentage within-line 
homozygosity al each locus

1*3.4 75.0
f45 87.5
F5.6 92.25
F 67 96.875
f78 98.4375
Fs9 99.21875

Source: Vinod, 2006

5.2. Variation of phenotypic traits in mapping population under salinity stress

Results of this study revealed significant differences between two parental genotypes, 
At354 and Bg352 for all the traits assessed in this study exhibiting divergent 
performances of two parents under salinity stress condition proving their suitability to 
construct mapping population for salinity tolerance.

Eventhough, studied mapping population exhibited varying degree of visual salt injury 
symptoms, standard evaluation score (SES) was assigned as a categorical data based on 
the extent of visual symptoms forming discrete classes as 1,3,5, and 9. Therefore, SES 
was not assessed by parametrical analysis thereby could not be included in the QTL 
analysis. However, using SES it is possible to assess the population initially with the 
discrimination of susceptible and tolerant lines providing the basic idea of the nature of 
the population before leading to further assessments.

Thus, in present study it was realized the importance of assessing survival potential of 
RILs under salt stress with a quantitative parameter as such parameter is convenient for 
the analysis, mapping and independent from personal skills. Accordingly, a quantitative 
parameter called salinity survival index (SSI) which ranges from 0-1 was designed by 
giving maximum weight for the plants that survived throughout whole period (SSI =1) 
while giving minimum weight lor the plants that died at earliest possible (SSI closer to 
0) (Wijerathna et al., 2014). The SSI is a novel index and results of SSI of this study 
proved its applicability in all sort of analysis such as frequency distribution, correlation 
and gene mapping.

Frequency distributions of all measured traits revealed the wider continuous variation of 
the traits (except SES which was in categorical basis) and they showed comparatively
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higher (coefficient of variation) CV. This indicates the occurrence of substantial number 
ot recombinants of parental genotypes with different genetic status within the 
population which would facilitate the QTL mapping for salt tolerance. Association of 
higher CV with dry biomass of shoot (CV-34.99%) and root (CV- 47.48%) showed 
comparatively wider variation than the variation of shoot and root length among RILs 
under salt stress. Thus, it could be suggested that comparatively higher number of genes 
might be involved in the differential expression of shoot and root biomass under salt 
stress compared to shoot and root elongation.

The existence of individuals that acquiring exceeded phenotypes than their parents 
appear in a segregating population is known as transgressives (Mauricio, 2001). In our 
study also we examined many transgressive RILs for both the direction and this might 
be due to the inheritance of alleles from both the parents.

Salinity tolerance is a collection of physio-morphological mechanisms. Using methods 
like SSI, plant height, bio mass and shoot Na+/K+ the mechanisms which generate the 
tolerance o f rice seedlings towards salt can be measured. According to the table 4.4 the 
traits resulted from our study showed many correlations among themselves, probably 
may be due to their inter-related salinity tolerance mechanism. These observations were 
more strengthened with the results of the analysis of variance (ANOVA) which revealed 
the highly significant differences among RILs (P<0.00J) for all the measured traits.

5.3. Mapping of QTLs for salt tolerance

In this study, SSR markers were mainly used for the genotyping of mapping population 
due to their abundance, high efficiency, reproducibility, easy-to-use, co-dominance 
nature and generation of high degree of polymorphism in rice. However, in this study 
according to the parental polymorphism survey comparatively low percentage of 
polymorphism was detected in SSR loci. Since both parents have background of Bg 
varieties in their pedigree, low rate of polymorphism may be due to sharing of elite 
characters of Bg varieties in both parents eventhough they exhibited divergent 
performances under salinity stress condition. Total polymorphism observed in At354 
and Bg352 cross was less compared with some of the reported studies such as Lang et 
al. (2008) and Islam et al., (2011). However, study conducted by Luu et al., (2012) 
reported that the total polymorphic markers appeared in AS996/FL478 cross was only 
12.6%.

Previously, several mapping studies have identified QTLs associated with salinity 
tolerance in rice (Ammar et al., 2007; Bonilla et al., 2002; Flowers et al., 2000; 
Gregorio, 1997a ; Haq et al., 2010; Kim et al., 2009; Koyama et al., 2001; Lee et al., 
2007; Lin et al., 2004; Prasad et al., 1999; Sabouri et al., 2009; Singh et al., 2007; Singh 
and Flowers 2010; Takehisa et al. ,2004). A study employing an F2;3 population between 
the tolerant indica landrace Nona Bokra with the susceptible japonica Koshihikari 
identified several QTLs controlling tolerance traits, including major QTLs for shoot K 
concentration on chromosome 1 (qSKC-l) and shoot Na+ concentration on chromosome 
7 (qSNC-7) (Lin et al., 2004). Similarly, a recombinant inbred line (R1L) population 
between the highly tolerant landrace Pokkali and sensitive IR29 identified a major QTL 
designated as Saltol, on chromosome 1 at the 10.8 -16.4 Mb, in the same region as 
qSKCl, explaining 43% of the variation for seedling shoot Na+/K+ ratio (Gregorio, 
1997a; Bonilla et al. 2002). Therefore, it was identified that Saltol QTL has significant 
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impact on seedling stage salinity tolerance. As the RIL population of this study was also 
derived from parents with the pedigree o f Pokkali it was expected to have similar QTL 
within this region. Therefore, QTL analysis in chromosome 1 was narrowed down to 
closer region to Saltol QTL.

In chromosome 1, 2 linkage groups (7 markers in linkage group 1 and 4 markers in 
linkage group 2) were resulted covering narrow length o f chromosome 1. Even though, 
preference was to have one linkage map for all 12 markers on chromosome 1, it was not 
be able to merge these two groups as polymorphic SSR markers were not well 
distributed across chromosome 1 which could not sufficiently cover the whole length of 
chromosome. Eleven markers out o f 12 were concentrated to the 10.8-14.2 Mb region, 
which is the region composed of Saltol QTL. Semagn, et al., (2006) also reported that 
possibility of resulting linkage groups higher than the haploid chromosomes if  the 
molecular markers are not well-distributed across all chromosomes and do not 
sufficiently cover the genome.

In this study, QTL mapping was performed using single marker analysis (student’s t-test 
and single marker regression) and composite Interval mapping. Single-marker analysis 
is the simplest method to investigate individual markers independently and without 
reference to their position or order. It assesses the segregation of a phenotype with 
respect to a marker genotype and indicates which markers are associated with the 
quantitative trait of interest and, therefore, point out the existence of potential QTL.

In chromosome 1, 11 o f such marker- trait associations were detected by simple
student’s t-test of which 3 traits were associated with 2 marker loci, RM140 and 
RM10745, 2 traits were associated with RM1287 and single traits were associated with 
RM 10772, RM493 and RM 10771 marker loci.

However, single marker regression revealed only 4 marker- trait associations where 
each of RM140 and RM 10745 were associated with 2 traits. Doerge, (2002) reported 
that single marker approach has the potential to detect numerous significant markers 
which could include false positives as well, especially with the small size of population. 
Further, he emphasized that although the t- test, ANOVA and simple linear regression 
approach are all equivalent to each other when their hypotheses are testing for 
differences in the phenotypic means, they fail to provide a precise estimation o f QTL 
location, or recombination frequency between the marker and the QTL. This is because 
the QTL effect and the location are confounded, or are unable to be estimated 
separately.

Therefore, to overcome such drawbacks, simple interval mapping (SIM) could be 
employed in QTL analysis which makes use of linkage map and analyses intervals 
between adjacent pairs o f linked markers along chromosomes simultaneously, instead of 
analyzing single markers (Lander and Botstein, 1989). The use of linked markers for 
analysis, compensates for recombination between the markers and the QTL, and is 
considered statistically more powerful compared to single-point analysis (Lander and 
Botstein, 1989). Other than the SIM, composite interval mapping (CIM) approach could 
be employed to enhance the power o f detection of QTLs more precisely over the other 2 
approaches. In this method interval mapping combines with linear regression to include 
additional genetic markers as cofactors (outside the window of analysis) in the statistical 
model in addition to an adjacent pair of linked markers for interval mapping, with the
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purpose o f removing the variation that is associated with other (linked) QTL in the 
genome (Jansen, 1993; Jansen and Stam, 1994; Zeng, 1993, 1994; Doerge, 2002).

In this study, experiment-wise significance level of LOD threshold was estimated using 
permutation test (with 1000 repeats) for declaring the significant putative Q TL at 0.05 
and 0.01 significance level. Before permutation tests were widely accepted as an 
appropriate method to determine significance thresholds, a LOD score of between 2.0 to
3.0 (most commonly 3.0) was usually chosen as the signiiicance threshold (Collard et 
al., 2005). It is very important to demarcate a specific statistical threshold LOD value 
for QTLs to be significant. If the peak of the QTL exceeds the threshold LOD value, it 
can be declared as a putative QTL. Generally threshold LOD values lie between 2 to 3 
(Masood et at, 2004). Many studies showed that threshold LOD value varies according 
to the experiment conducted (Ahmadi and Fotokian 2011; Ismail et al., 2011 and 
Thomson et al., 2010).

In this study, according to CIM approach, in chromosome 1, number of significant 
QTLs was reduced to 3 QTLs and they were named as qSS/I, qSlA and qSNKl 
according to the nomenclature method described by McCouch and CGSNL (2008). 
QTLs, qSSIl and qSLl were co-located at RM10793 at 12.5 Mb and qSNKl was located 
at RM 10772 at 12 Mb position accounting substantial proportion of each respective 
phenotypic variation ranging from 8.9%-10.8%. All 3 potential QTL positions were 
identified within the region of Saltol QTL indicating the probable inheritance of Saltol 
region from the Pokkali background.

In chromosome 3, all five polymorphic markers were linked in a one group. Although 
markers RM3867, RM7076 and RM3864 were polymorphic in the cross IR29/Pokkali 
conducted by Thomson et al., (2010), they were monomorphic in our cross 
At354/Bg352. All SIM and CIM analysis indicated that there is no association between 
polymorphic markers and the phenotypic traits in chromosome 3. Usually, it is 
necessary to develop dense linkage maps and to have high number ol individuals in the 
population to detect minor QTLs by mapping. Probably due to less number of 
polymorphic markers and less number of individuals in the population may be the 
possible cause for not detecting any significant QTL in chromosome 3.

In chromosome 4, both SIM and CIM verified the presence of QTLs and they were 
named as qSL4, qSNK4 and qSSI4, according to the method described by McCouch and 
CGSNL (2008). QTLs for shoot length (qSL4) and SSI (qSSl4) were located in the 
region of RM3843-RM280 while QTL for shoot Na+/K+ (qSNK4) was located at 
RM518 locus. Usually if a QTL explains more than 10% of the phenotypic variation, it 
can be considered as a major QTL as reported by Collard et al., (2005). Therefore the 
three QTLs identified in chromosome 4 can be demarked as major QTLs.

QTL for shoot length and SSI had positive additive effect from At354 allele because the 
At354 allele contributes to increase the measurements of shoot length and SSI by 3.3 
and 0.14 units respectively. For Na+/K+ additive effect was negative for At354 allele as 
the Bg352 allele was the responsible allele for the increment of Na+/K+ in RILs. At354 
allele in RIL population contributes to decrease the Na+/K+ by 2.25 units. Thomson et 
al, (2010) reported a QTL in chromosome 4 for plant height closer to the region 
reported in this study. The peak of the previously reported QTL by 'Thomson et al, 
(2010) lies on RM3843 marker region and in our study peak region was detected at
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RM280 (Figure 4.31) which are close to each other. From these evidences, it can be 
speculated that these two instances refer to the same QTL.

Previous studies showed that the QTL mapping performed with a comparatively small 
number of individuals in a single environmental condition show only the QTLs which 
have large effect and unable to detect QTLs those show smaller effects (Tanksley, 1993; 
Edwards et al., 1992). The number of putative QTLs identified in this study was 
comparatively low and it might be due to the use of a small population with random 
selection. However, it has been reported that minimum number of individuals in a 
segregating population should not be less than 50 for QTL mapping (Collard et al., 
2005; Mohan et al., 1997), but for fine mapping a larger population is required. In this 
study we were able to proceed the project with 100 individuals following the 
recommendation by Collard et al. (2005) and Mohan et al. (1997). In this study we 
selected 100 RILs randomly. However, if we had obtained 100 RILs representing 
extreme ends of the population we would have obtained many QTLs as reported by 
Collard et al. (2005).

Usually, after mapping QTLs, such QTLs need to be validated and confirmed by 
repeating the mapping study in different environments and seasons. Then promising 
QTLs can be used to detect candidate genes or to backcross breeding. Usually, QTL 
mapping studies are performed with divergent parents where trait-donor -parent derived 
from not elite genetic background. Therefore, scientists use to backcross the QTL-donor 
parent to a recurrent parent which possess other favorable agronomic traits to get fewest 
donor alleles and maximum recurrent alleles by using marker assisted selection. In this 
study, the both parents, At354 and Bg352 are high yielding varieties and possess elite 
genetic background. Therefore, RILs that show high salinity tolerance by accumulating 
investigated QTLs, can be released directly as cultivars if they contain other favorable 
agronomic traits. At the moment, some RILs that have accumulated promising QTLs 
and performed best in withstanding salinity are indicated in Table 4.23 and they have 
been chosen for further analysis for reproductive stage salinity and agronomic traits 
collaborating with RRDI, Batalagoda as an application of this project.

This study needs further analysis of the genome with some other molecular makers due 
to the fact that low level of polymorphism was present in SSR markers of this cross. In 
this regards, this study was extended as an application of the project with SNP markers 
by collaborating with International Rice Research Institute (IRRI), Philippines. 
Collaboration with IRRI provided Illumina Infinium rice 6K SNP chip that contained 
5,274 SNP loci covering all 12 rice chromosomes. The results revealed that 1137 SNPs 
markers were polymorphic between At354 and Bg352 and thereby highly dense linkage 
maps along with QTL maps were produced.Therefore, these highly dense linkage maps 
can be utilized for mapping of salinity or any trait that show divergence in the parents.

6. CONCLUSIONS AND RECOMMENDATIONS

The project was started by making a successful cross between At354 and Bg352 elite 
rice varieties of which At354 was used as a donor of the salinity tolerance and female 
partner o f the cross. Hybridity of 6 FI individuals derived from At354/Bg352 cross was 
confirmed precisely with the RM1287 and RM493 SSR markers. It was also proved the 
feasibility of utilizing RM1287 and RM493 markers for verification of hybridity in
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future breeding programmes which utilize same parental lines. By selfing of 6 true 
hybrids, 350 F2 segregants were raised successfully followed by advancing of 
subsequent generations upto F5 generation which is used for mapping. Finally, it was 
able to produce a RIL population consists of 281 lines with the expected level of 
homozygosity, to be used as the mapping population for salinity tolerance.

Nine morpho-physiological traits were assessed in 100 RILs that were randomly 
selected from 281 RIL population under EC of 12 dSm'1 of salinity. Frequency 
distributions of these 9 morpho-physiological traits viz., standard evaluation score, 
salinity survival index (SSI), shoot length, root length, shoot dry weight, root dry 
weight, shoot Na+ concentration, shoot K+ concentration and shoot Na+/K+ ratio 
indicated the broad spectrum of genetic variability in the At354 x Bg352 RIL 
population under salinity stress.

Out of 158 molecular markers, representing entire rice genome, 45 markers showed 
polymorphism for parental genotypes in 3% agarose and 6% Polyacrylamide gel 
electrophoresis. The overall polymorphism in the genome of this cross is 28.4% which 
is relatively low.

According to the composite interval mapping results, three putative QTLs, qSSIl, qSLl 
and qSNKl were identified responsible for SSI, shoot length and shoot Na+/K+ 
concentration respectively in the chromosome 1. Of them, qSSIl and qSLl were co­
located at RM10793 at 12.5 Mb position and qSNKl was at RM10772 at 12 Mb 
accounting 8.9%-10.8% phenotypic variations. All 3 potential QTL positions were 
identified within the region of Saltol QTL indicating the probable inheritance of Saltol 
region from the Pokkali background. However, in this experiment more precise location 
of QTLs could not be traced due to the low rate of polymorphism which generated 
rather low dense map with SSR markers.

Single marker analysis enabled to detect three SSR markers in chromosome 4 that were 
significantly linked with SSI at RM280, shoot length at RM280 and Na+/K+ at RM518 
locations. QTLs identified for both SSI and shoot length were flanked between RM3843 
-  RM280 markers. Composite interval mapping also revealed the same QTLs on shoots 
length (P<0.05), Na+/K+ (p<0.001) and SSI (P< 0.01) and they were named as qSL4, 
qSNK4 and qSSI4 respectively. Identified QTLs, qSL4, qSNK4 and qSS/4 were able to 
explain 11%, 16% and 15% of phenotypic variation respectively. Linkage map was 
constructed for chromosome 3 from 5 polymorphic markers. Results obtained from 
single marker analysis for each marker location and composite interval mapping did not 
show any association between marker genotype and phenotypic traits in chromosome 3. 
Another 6 polymorphic markers were found in chromosome 2,6,10 and 11 and 
genotypic data obtained from those markers did not reveal significant association with 
phenotypic traits under salt stress.

The RILs which contained 5 promising QTLs with above 2 LOD viz., qSSIl, qSLl, 
qSL4, qSNK4 and qSSI4 were identified from the RIL population and they were selected 
for further analysis on salinity tolerance in reproductive stage and favourable 
agronomic traits as an application of this project.
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8. PROBLEMS IF ANY, ENCOUNTERED DURING THE COURSE OF THE 
PROJECT

The major problem encountered in this study was the presence low polymorphism in 
SSR loci o f the two parents. However, most of the previous studies o f rice conducted 
with SSR markers have not mapped their genes/QTLs with more than 200 SSR. 
Theretofore, it is unlikely to get a saturated linkage map with SSR markers which 
produce polymorphism maximum with few hundreds. As a solution to this scientists 
have developed high throughput SNP technology which usually produce polymorphism 
with more than 1000 markers. Therefore, SNP based linkage mapping definitely 
produce highly saturated maps in rice mostly producing less than lcM between two 
adjacent markers, thereby useful to be proceeded to candidate gene discovery even.

Therefore, in this project as a solution to the problem of low polymorphism, we 
extended this study with SNP analysis collaboratively with IRRI, Philippine. The results 
of SNP based QTL mapping revealed many promising QTLs presenting between the 
flanking markers o f less than 1Mb intervals in At354x Bg352.

9. MAJOR FINDINGS

Six QTLs for salinity tolerance, namely, qSSIl, qSLl, qSNKl, qSSI4, qSL4 and qSNK4, 
inherited from At354 allele were found in At354 x Bg352 mapping population.
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Section 4

Impact of Research results:

(a) i. Relevance of results achieved to scientific advancement
ii Dissemination/application of research output — please give the tentative plan

(b) i Relevance of results achieved to national/socio-economic development -
please give recommendations clearly as this write -  up may be forwarded to 
the potential users who will benefit from the research

Relevance of results achieved to scientific advancement:

a) i.

1. In this study, it was able to produce a RIL population consisted of 281 lines with 
the expected level of homozygosity, to be used as the mapping population for 
salinity tolerance.

2. According to the composite interval mapping results, three putative QTLs viz., 
qSSIl, qSLl and qSNKl were identified responsible for SSI, shoot length and shoot 
Na+/K+ concentration respectively in the chromosome 1 while another three putative 
QTLs viz., qSSI4, qSL4 and qSNK4 responsible for SSI, shoot length and shoot 
Na+/K+ concentration traits respectively were identified in chromosome 4. The 
locations o f these QTLs would be useful to introgress into other varieties by 
backcross breeding to make them salt tolerant.

3. To the best of our knowledge, in Sri Lanka, At354 x Bg352 has been the first 
mapping population reported and our QTL maps have been the first QTL maps 
developed from a native mapping population. This project revealed the complete 
procedure of QTL mapping starting from the initial stage of hybridization thereby 
useful to be applied for any self pollinated annual crop to map the genes/QTLs 
following similar procedure.

4. Also this project has put the foundation step to utilize high throughput SNP 
technology which is a kind of scientific advancement. This was achieved by a 
lecturer (Prob) attached to Wayamba University of Sri Lanka (WUSL) who had 
registered for a PhD in WUSL, as she got a scholarship to work with At354 x 
Bg352 mapping population in the International Rice Research Institute, Philippines. 
With this project she was able to develop highly dense linkage maps by employing 
high-throughput SNP marker technology (Illumina Infinium rice 6K SNP chip 
designed by Mark Wright and Susan McCouch, Cornell University). Accordingly, 
highly saturated genetic map of 12 chromosomes spanning 1460.81 cM of the rice 
genome was generated by 1135 polymorphic SNP markers. The results revealed 
promising 17 QTL hotspots governing 2-10 multiple traits related to salinity stress 
which has been a scientific advancement.

89



ii) Dissemination/application of research output -  please give the tentative plan:

1. We have published papers and abstracts and all o f them have been listed in Section 
1, Xiii (from Annexure 4 to Annexure 14)

2. A workshop on “QTL/ gene mapping in plants” was conducted on 8th-9th September 
2015 at Wayamba University o f Sri Lanka to disseminate the knowledge that was 
obtained from this project. There were 22 participants representing various institutes 
of Sri Lanka. Brochure o f the workshop (Annexure 15), Program of the workshop 
(Annexure 16), list o f participants (Annexure 17) and participants’ attendance list 
(Annexure 18) are attached.

3. This research project was able to be extended to analyze the genome o f At354 x 
Bg352 with SNP markers via Global Rice Science Scholarship program. Therefore, 
as an application o f the proposed study, it was able to develop highly dense linkage 
maps by employing high-throughput SNP marker technology (Illumina Infmium 
rice 6K SNP chip designed by Mark Wright and Susan McCouch, Cornell 
University). Accordingly, highly saturated genetic map o f 12 chromosomes 
spanning 1460.81 cM o f the rice genome was generated by 1135 polymorphic SNP 
markers. The results revealed promising 17 QTL hotspots governing 2-10 multiple 
traits related to salinity stress. Also these SNP loci would be important in future 
studies in candidate gene discovery for salt tolerance because most of the promising 
QTLs investigated in this extended study could be detected in between the flanking 
markers o f less than 1 Mb intervals in At354x Bg352. Presently, a manuscript is 
being written with all these information.

4. From this project (including the extended part conducted at IRRI) we have 
recognized few promising RIL lines that have accumulated all salinity tolerant 
QTLs along with better phenotypic performance under salinity stress. We have 
planned to handover the above RILs to Rice Research and Development Institute, 
Batalagoda to analyze those selected RIL lines for agronomical traits, reproductive 
stage salinity tolerance and coastal salinity tolerance etc. In this regard a discussion 
was held on 19th August 2015 with the Director/ Rice Research and Development 
Institute, Batalagoda and the Director agreed to proceed the work.

b) i. Relevance of results achieved to national/socio-economic development
- please give recommendations clearly as this write -  up may be forwarded to 
the potential users who will benefit from the research

1. This project made the avenue to a Sri Lankan student (Ms DR Gimhani who is a 
lecturer attached to WUSL) to extend the same study (work with the cross o f At354 x 
Bg352) to a PhD at IRRI by receiving Global Rice Science scholarship (Annexure 
19)

2. This research project developed the human capacity in the area o f plant molecular 
breeding by producing one M.Phil degree and one PhD degree. Details are as 
follows.

M.Phil Degree: Ms Buddhika Dahanayake who worked as the research assistant for 
the project completed an MPhil degree under the title of “Molecular mapping of
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quantitative trait loci associated with salinity tolerance using a R1L 
rice” in WUSL. She already submitted the thesis and defended the 
August 2015 (Annexure 1 and 2)

population of 
thesis on 25th

PhD Degree: Ms DR Gimhani registered for a PhD in WUSL and completed two 
chapters o f her study, 1. Development of mapping population with At354 x B«352 
and 2. Mapping for salinity tolerant QTLs in chromosome 1 under the sunDort of 
NSF/BT/2011/02 grant. She completed rest of the chapters of PhD with the support 
o f Global Rice Science Scholarship in International Rice Research Institute 
Philippines. She already submitted the completed thesis to WUSL on 25,h August 
2015 and is waiting for defense examination (Annexure 3).

3. This research project has launched foundation steps to develop salt tolerant varieties 
with the help o f Rice Research and Development Institute (RRDI), Batalagoda.

As the overall impact of the QTL study, it could be suggested that chromosomal 
regions/loci possessing different QTLs provide an opportunity for breeders to 
introgress such regions together as a unit into elite rice varieties through marker 
assisted selection (MAS)/ marker assisted backcrossing (MAB) and to develop 
resilient salt-tolerant cultivars. Also, this research produced few RILs that showed 
best performance on seedling stage salinity tolerance and accumulation of 
investigated QTLs. These lines are planned to be submitted to Rice Research and 
Development Institute, Batalagoda to analyze them for agronomical traits, 
reproductive stage salinity tolerance and coastal salinity tolerance etc. In this regard 
a discussion was held on 19th August 2015 with the Director/ Rice Research and 
Development Institute (RRDI), Batalagoda and the Director/ RRDI agreed to proceed 
with necessary trials.

4. This research project created enormous knowledge in QTL mapping and this 
knowledge was disseminated to Sri Lankan scientists via a 2 day National workshop.

Although Sri Lanka has many divergent crop germplasm, these germplasms have not 
been utilized much in modem breeding programs mainly because their genetic status 
is unrevealed to the world. QTL mapping based approach is one of promising ways 
of finding out genes for many traits such as yield, quality and abiotic and biotic stress 
tolerance etc. Therefore we organized a workshop with the long term objective o 
utilizing favorable genes of divergent germplasm in Sri Lanka for breeding o 
improved varieties. In this regard we invited students, researchers, breeders or any 
beginner o f  this subject to gain the knowledge on QTL/Gene mapping in simp l ic 

level so that they can make use of this knowledge directly in bree ing purposes or 
crop improvements, proposal preparation to obtain research grants an or 'a '° ” 
o f collaborative research programs etc. The information o f t  e wor s °P ( r 
o f the workshop (Annexure 15), Program of the workshop ( nnexure , 
participants (Annexure 17) and participants’ attendance list ( nnex 
attached for the information.
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Section 5

Miscellaneous
i. L-ist of major equipment acquired during the project period, their value and their 

functionality -Nill

ii. List of publications/communications arising from the project and/or presentations 
made at seminars, workshops etc. (Please attach copies)
L-ist of publication was mentioned in Section 1 -Xiii (Annexure 4 to 14). Workshop 
information is attached in Annexure 15 to 18.

Section 6

Summary Statement of Expenditure (indicate under Personnel, Equipment, Consumables, 
Lab services & sample analysis. Statistical analysis, Calibration of instruments, PCi registration 
fee. Travel and Subsistence and Miscellaneous)

Financial report is attached in Annexure 20.
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ABSTRACT

Aim: This research was aimed at assessing Sri Lankan rice varieties for the salinity tolerance using 
morphological traits and to analyze the SSR markers closer to Saltol QTL of the chromosome 1 to 
be used in rice breeding and gene mapping studies.
Place and Duration o f Study: The research was conducted at the Faculty of Agriculture and 
Plantation Management, Wayamba University of Sri Lanka, from April 2013 to October 2013.
Study Design: Morphological traits were analyzed by ANOVA and polymorphic bands obtained 
from SSR markers were analyzed by Jaccard's similarity coefficient following the unweighted pair 
group method with arithmetic mean (UPGMA).______ ___________ __________________________

'C o rre sp on d ing  author: E -m a il: ko ttearachchins@ yahoo.com ;
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Methodology: Morphological trails of twenty rice germplasm of Sri Lankan origin, including 
traditional and improved varieties were assessed under 12 dS/m saline stress and five SSR 
markers located between 10 -15 Mb to Saltol QTL were analyzed in relation to salinity tolerance 
Results: A novel weighted indicator, Salinity Survival Index, revealed that Goda Wee, At354 and Al 
Wee varieties were highly salinity tolerant compared to the tested varieties including an accession 
of Pokkali and the morphological traits also showed the same validation. Diversity analysis of SSR 
marker alleles linked with Saltol QTL clustered the salinity tolerant and salinity susceptible 
germplasms as compatible with the distribution pattern of salinity survival index and the marker, 
RM1287 was more informative for the screening of rice germplasm for salinity tolerance 
Conclusion: Information derived on morphological traits under salinity stress and the polymorphic 
SSR marker patterns obtained from tolerant and susceptible varieties near Saltol region would be 
useful in selecting parental lines from the tested varieties tor rice breeding and gene mapping 
programs designed for salt tolerance.

Keywords: Rice germplasm: salinity tolerance; Saltol; SSR markers.

1. INTRODUCTION

Rice (Oryza sativa L.) is one of the most 
important grain crops in Asian countries and it is 
consumed by two thirds of the world population 
as their staple food. With the escalating growth 
rate of world population, the demand for the rice 
is increasing year by year. Therefore, marginal 
lands like salt affected lands also need to be 
utilized to gain maximum production.

Among abiotic stresses, salinity has been 
recognized as the second most wide spread 
problem for reduction in growth and productivity 
of rice in all over the world (1). Millions of 
hectares in coastal regions face salinity due to 
marine/brackish water intrusion to the ground 
while the inland salinity can occur due to poor 
irrigation, digestion of ores, human activities etc. 
In Sri Lanka, approximately 13% of the irrigated 
lands are affected by salinity stress [2] and this 
percentage increases gradually in both coastal 
regions and inlands [3],

Most of the rice varieties are extremely sensitive 
to salinity during young seedling stage and early 
development stage [4], Even though there are 
agronomical practices like improved field 
drainage, maintenance of adequate amount of 
water around 2 to 3 cm height until early 
reproductive stage [5], establishment of crop by 
transplanting [3] and use of organic manure 
instead of inorganic fertilizer are used to address 
salinity, these practices are not cost effective, 
efficient and favorable for a long-term solution. 
Hence, cultivation of durable resistant rice 
varieties appears more appropriate as a long 
lasting solution Therefore, identification of salt

tolerant varieties and their transformation into 
high yielding cultivars is necessary in order to 
utilize salt affected lands for sustainable rice 
cultivation.

Salinity tolerance Is considered as a quantitative 
trait as it is governed by a collection of many 
genes that are called quantitative trait loci (QTL) 
Saltol is one such previously reported major QTL 
which is reported to be responsible for the 
salinity tolerance for many tolerant rice cultivars 
(6). DNA based molecular markers which are 
used in marker assisted selection (MAS) are 
extensively used to tag QTL with phenotypic 
characters to accelerate breeding processes 
Hence, this study was conducted to evaluate the 
growth performance of the seedlings of twenty 
rice cultivars under salt stress and to delect their 
genotype at Saltol region aiming at finding the 
relationship with salt tolerance in order to use 
them in marker assisted selection and gene 
mapping studies.

2. MATERIALS AND METHODS

2.1 Planting Material

The phenotypic evaluation of the germplasm was 
conducted in a rain sheltered plant house at 
Wayamba University of Sri Lanka in mid 2013 
Twenty rice germplasm from diverse genomic 
background representing traditional and 
improved varieties were collected from Plant 
Genetic Resources Centre, Gannoruwa, Sri 
Lanka, and Rice Research and Development 
Institute (RRDI), Batalagoda. Sri Lanka (Table 1)
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Table 1. Varietal inform ation and level of salinity tolerance by standard evaluation score (SES)
and salinity survival Index (SSI)

Variety Accession No * Cultivation......
background

Average of 
SES

Salinity SSI
Kaluheenati 1(KH1) 003989 Traditional 4 """'T.............. . 0 4Kaluheenati 2(KH2) 011041 Traditional 5 M ft 4 tnLanka Samurdhi (LS) 008921 Improved 8 5 S 0 152Kuruluthuda (KT) 004759 Traditional 6 M oSuwadel (Suw) 010729 Traditional 9 HS 0 108Pokkali (Pok) 005556 Traditional 35 1 0 525Maa Wee (Maa) 008551 Traditional 35 r 0 585Al Wee (Al) 004023 Traditional 3 T 0 738Goda Wee (Goda) 006182 Traditional 2 HI 0 778Moraberakan (Mor) 006897 Traditional 6 M 0 379Muhudu Ralla (MR) 004773 Traditional 6 M 0.321Kivul Handiran (Kivul) 004106 Traditional 4 T 0454Rathu Heenati (RH) 004992 Traditional 6 M 0 351Basmathi (Bas) 006820 Traditional 7 S 0268Bw 400 005311 Improved 35 r 0 488At 401 Improved 35 T 0638Bg 357 Improved 8 s 0 240

Ld 356 Improved 6 M 0371
At354 Improved 2 HT 0 763
Bq352 Improved 8 S 0223

" V a netios  with accession numbers w ere  ob ta in e d  from  P lan t G ene tic  R esources Centre. G annom w a S ri l  anka
V arie ties  w e re  o b ta in e d  fro m  R ic e  R esea rch  a nd  D eve lopm en t Institute, Ba tha legoda  $ n  Lanka  H I -  h igh ly  to lerant 

T- to le ra n t M- m odera te ly  to le ran t S- suscep tib le  H S- h igh ly  susceptib le

Table 2. Sequences, m ap position and annealing temperatures o f six SSR markers close to
Sattol region

SSR
marker

Sequence information 5'-3' Position in the 
consensus msp (Mb) 
(www.aramene.om)

An nesting 
temperature

RM10772 GCAC ACC AT GCAAAT CAAT GC 
CAGAAACCTCAT CT CCACCTTCC

1216 55

RM1287 GTGAAGAAAGCATGGTAAATG
CTCAGCTTGCTTGTGGTTAG

1083 54

RM10694 TTTCCCTGGTTTCAAGCTTACG
AGTACGGTACCTTGATGGTAGAAAGG

10,96 60

RM493 GAGGTGAGTGAGACTTGACAGTGC
GCTCATCATCCAACCACAGTCC

12.28 60

RM 10864 GAGGTGAGTGAGACTTGACAGTGC
GCTCATCATCCAACCACAGTCC

1425 60

2.2 Extraction o f Genomic DNA and PCR 
Amplification

Genomic DNA was extracted from 14 day old 
tender plant leaves using a mini-prep method [7] 
ONA samples were amplified using six SSR 
markers located between 10-15 Mb, on the Saltol 
QTL region of the chromosome 1 (6.8.9) (above 
Table 2) Amplification profile consisted of initial 
denaturation at 95°C for 5 minutes followed by 
35 cycles of denaturation for 1 minute at 95°C, 
annealing at marker specific temperature (Table 
2) for 30 seconds, elongation at 72°C for 5

minutes and final extension at 72°C tor 5 
minutes The amplified products were 
electrophoresed on 3% agarose gel and stained 
with ethidium bromide SSR allelic composition at 
each of the defined loci was determined tor each 
genotype

2.3 Establishment of Hydroponic System  
with Saline Stress

Hydroponics system was established according 
to the procedure described by Gregorio et al |1] 
Germinated seeds (two replicates with 10
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seedlings per each) from each germplasm with 
emerging roots around 1 to 2 cm were placed 
according to the Completely Randomized Design 
(CRD) on the styrofoam floats without damaging 
the roots. Transplanted seedlings were allowed 
to stand in water for 2 days to recover damages 
during transplantation. After 2 days, Voshida’s 
nutrient solution was added with an appropriate 
amount of NaCI (analytical grade) to give 6 dS/m. 
The salinity was increased up to 12 dS/m by 
adding NaCI after 24 hours. The pH was 
adjusted daily and the solutions were renewed 
every 8lh day. Control experiment was 
maintained with four seedlings under Yoshida’s 
nutrient solution without NaCI by providing the 
same conditions as that of NaCI treated 
seedlings.

2.4 Estim ation o f Growth Performance

The growth parameters of the seedlings such as 
root length (RL), shoot length (SL) and root fresh 
weight (RFW ) were measured at the 21st day of 
salinity treatment. Plant materials were oven 
dried for 3 days at 7013 and shoot dry weight 
(SDW) and root dry weight (RDW) were 
measured. Mean values of all parameters under 
salinity (VMsal) were converted to relative values 
(RV) [5] as indicated below,

RV =  V'MSai 
V ’ MCon

where V is the respective value of recorded 
parameters such as root length, shoot length 
etc., Msal is the mean value under salinity and 
Mcon is the mean value under control.

2.5 A ssessm ent o f Germ plasm  by 
M odified Standard Evaluation Score 
o f V isual Salt In jury (SES)

The degree of visual injures showed by the 
seedlings on 16th and 21st day were evaluated 
using the standard evaluation score method 
described by Gregorio et al. [1]. According to the 
morphological appearance, SES was assigned to 
each variety from 1 to 9 which is represented by 
1: Highly Tolerant, 3: Tolerant, 5: Moderately 
Tolerant, 7: Susceptible and 9: Highly
Susceptible to the salinity and, the mean value of 
SES was calculated.

2.6 A ssessm ent o f Germ plasms by 
Salinity  Survival Index (SSI)

The number of dead plants was counted on 
every 3rd day after salinization and the respective

seedling survival percentage of each day was 
calculated until 21 days after salinization (DAS). 
The SSI was calculated using the formula,

where, D is the Day After salinization (DAS), S is 
the survival percentage of that particular day, n is 
the total period in DAS (in this experiment n is 21 
DAS), Dk is the DAS at klh data collection, Sk is 
the survival percentage of k,h data collection and 
k=1,2, 3....n. as reported by Wijerathna etal. [7],

2.7 Statistical Analysis

Relative values of each parameter, SSI, root 
length, shoot length, root fresh weight, root dry 
weight and shoot dry weight were analyzed by 
analysis of variance (ANOVA) using SAS version 
9.1.3 [10). Cluster analysis was done using SSR 
markers based on Jaccard's similarity coefficient 
following the unweighted pair group method with 
arithmetic mean (UPGMA) by SPSS 16.0 version 
[11], Alleles obtained from SSR markers were 
analyzed using PowerMarker 3.25 version [12].

3. RESULTS AND DISCUSSION

3.1 Assessment of Salinity Tolerance by 
Standard Evaluation Score (SES)

The modified standard evaluation score method 
recommended by International Rice Research 
Institute, Philippines, was used in rating the 
visual symptoms of seedlings caused by salt 
stress. Selected varieties of this study 
demonstrated all five categories of SES, after 21 
days of salinization. Accordingly, the traditional 
Suwandel variety was highly susceptible to the 
salinity indicating 9 in SES. Next highest tissue 
damages were observed in Lanka Samurdhi, 
Bg357 and Bg352 indicating the SES levels of 
8.5 to 8. The minimum visual injuries or the 
highest tolerance ability was demonstrated in 
Goda Wee and At354 with SES value of 2 
(Table 1).

3.2 Assessment of Salinity Tolerance by 
Salinity Survival Index (SSI)

It is important to assess survival potential of 
germplasms under salt stress with a quantitative 
parameter as such parameter is convenient for 
the analysis, mapping studies and it is 
independent of personal skills. A quantitative 
parameter called salinity survival index was

4
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measured giving maximum weight for the plants 
that survived throughout whole period while 
minimum weight was given for the plants that 
died at earliest possible. In this study, SSI 
distributed within the range of 0.108 to 0.776 
among twenty varieties. The highest SSI was 
recorded from Goda Wee (0.776). a traditional 
rice variety, followed by At354 (0 763). a high 
yielding improved rice variety, and Al Wee 
(0.738), another traditional variety. The lowest 
SSI was exhibited by Suwandel (0.108). Lanka 
Samurdhi (0.152) and Bg352 (0.223) (Table 1), 
following the same pattern as SES. Two 
traditional varieties, Maa Wee and Al Wee and 
an elite variety, At401 showed more tolerability 
towards salinity stress than the tested accession 
of Pokkali. This may probably be due to the fact 
that the prevalence of different accessions of 
Pokkali, the well known salt tolerant variety, 
possessing different alleles [6). Fig. 1 shows the 
dropping pattern of the survival percentage 
against the days after salinization that was 
plotted for the six varieties. Three varieties. Goda 
Wee. At354 and Al Wee showed sudden drop In 
survival only at 18lh day while Suwandel. Lanka 
Samurdhi and Bg352 showed the same drop at 
the 8m day after salinization.

Standard evaluation score of visual salt Injury is 
the mostly used screening technique for salinity 
tolerance in rice as reported in previous studies. 
It was reported that visual symptom rating is 
adequate to determine the level of tolerance for 
breeding purposes as it was correlated well with 
yield performance in saline rice fields (11. 
However, in addition to SES. in this study wo 
used a novel parameter, SSI, which is mostly 
similar to SES. but distributed quantitatively. 
Although SSI was previously developed for the 
assessment of salt stress in rice under saline soil 
(7], the results of this study also showed a vast 
range of variation among germplasm even with

the saline hydroponic system, proving to bo 
useful in both soil and hydroponics designed for 
screening for breeding purpose and gene 
mapping studies

3.3 Assessment of Salinity Toloranco by 
Relative Growth Paramotors

The objective of this assessment was to Identify 
the ability to perform under salt stress condition 
and to compare the performance among varieties 
regardless their performance under non-stress 
condition Thereloro. the parameters measured 
such as root length, shoot length, root fresh 
weight, root dry wolght and shoot dry weight 
wero analyzed with the relative values 
Accordingly, all the relative parameters except 
relative shoot dry weight wore highly significant 
(Table 3), Also all the paramotors were 
significant under control indicating the
prevalence of different gonotic variability among 
germplasm This genetic variability can be 
nullified with the relative assessment of each 
trait. Therefore, the variability of relative values 
reflects extra genetic potential exhibiting the 
survival ability under salinity.

With regards to the relative root length, maximum 
relative root length under stress was obtained by 
Maa Wee and it has oxceeded the root length 
even than the control The higher reduction of 
relative root length was displayed In Suwandel, 
Basmati. Bg357, Bg352 and Muhudu Rolla when 
compared to the non-stress condition and these 
performances are compatible with respective SSI 
and SES. Kuruluthuda, Pokkali. Maa Woo and 
AI401 showed increased relative root length 
under salinity than under the control This fact 
indicates that those varieties have the ability to 
increase the root biomass under stress condition, 
probably may be due to a strategy existed to 
overcome salt stress

Fig. 1. Survival percentage, of six varieties with the day. after salinization
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With respect to the relative shoot length, 
Suwandel displayed the maximum reduction and 
Bw400 displayed the minimum reduction which 
exceeded even under the control. Also Bw400 
exhibited minimum reduction In other traits such 
as relative root fresh weight, relative shoot dry 
weight and relative root dry weight under salinity 
stress. Obviously, under salt stress, reduction of 
biomass is experienced in most of the crop 
plants [13] In this study, we observed different 
reduction capacities in terms of root biomass and 
shoot biomass, in twenty rice germplasm under 
salt stress condition and found that there are 
some germplasm showing minimum biomass 
reduction capacity, namely Bw400, At354 and 
At401, performing better than the tested 
accession of Pokkali. Bw400, At354 and AI401 
also were able to categorize as 'Tolerant' or 
above based on SES. Moreover, Ma Wee. Al 
Wee and Goda Wee also showed considerably 
high amount of relative shoot and root biomasses 
under salt stress compatible to the results of SSI.

3.4 Assessment of Allelic Variation at 
S alto l Region among Germplasms

One objective of this study was to identify SSR 
markers that are linked with Saltol QTL located

on chromosome 1 In a diverse germplasm 
collection Knowing of the polymorphic markers 
doser to Saltol region would also be useful to 
select parental lines In developing mapping 
population and breeding programs Also 
polymorphic markers are useful to select 
background and foreground of known genes to 
be used in MAS [14,15], Therefore, twonty rice 
germplasms wore evaluated for the genetic 
diversity of the region closer to the promising 
QTL Saltol in chromosome 1 using SSR markers 
Fig. 2 indicates the gel images showing different 
banding patterns of amplified DNA Fivo markers 
used were highly polymorphic and 23 alleles 
were amplified with the band size of 100*300 bp 
The highest number of alleles was found In RM 
1287 (7). followed by RM493 (5), RM 10772. 
RM 10694 (4) and RM 10864 (3) which gave the 
lowest number of alleles (Tablo 4) Locus RM 
1287 showed the highest polymorphism 
information content (PIC) value (0.8078) followed 
by RM493 (0 7470), RM10772 (0 6454)
RM 10694 (0 6142) and RM10864 (0 4824) The 
average PIC value was 0 6594 and It ranged 
from 0 4824 to 0 8078 (Table 4) Therefore, out 
of 5 markers selocted In tho 10-15 Mb of Saltol 
region on chromosome 1, RM1287 would be 
more useful for screening of rice gormplasm

L 1 2 3 4 5 6  7 8 9 10 11 12 13 14 15 16 17 1H 19 20

Fig. 2. SSR marker profile of rice germplasms generated by (A) RM10772. (B) RM 1287, (C)
RM10694 and (D) RM10864

Lane L: 100 bp ladder, Lane 1: KH1. Lane 2K H 2. Lane 3: LS. Lane 4: KT. Lane 5 Suw. Lane 6 f t * .  Lane> 7 
Maa, Lane 8: Al. Lane 9: Goda, Lane 10: Mor, Lane 11: MR. Lane 12: Klvul. Lane IX  RH, Lane f *  Bas, Lan*  

15: Bw400. Lane 16: At401, Lane 17:Bg357. Lane 18 Ld356. Lane 19 AI354. Lane 20 2
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Table 4. A lle lic  v aria b ility  o f  five  m arke rs  loca ted  n e a r Saltol reg ion  on c h ro m o s o m e  1

Marker A lle le  no M a jo r a lle le  freq u e n c y G e n e  d ivers ity PIC
RM10772 4.0000 0.4000 0.7000 0.6454
RM1287 7.0000 0.2500 0,8300 0.8078
RM10694 4.0000 0.4211 0.6759 0.6142
RM493 5.0000 0.3158 0.7812 0.7470
RM10864 3.0000 0.5500 0.5650 0.4824
Mean 4.6000 0.3874 0.7104 0.6594

Sim ilarity  In d e x

tafcefl
iS

HI

IV

l' IS
j Bg352
I Hoe
| sm
| Kiwi
1m s  s
f i t« l

f  Pok 
1 RH

[Bg3S?

j £ sri 00

f K»J 
| KT 
'  K82

Fig. 3. U P G M A  d e n d ro g ram  us ing  J a c c a rd ’s s im ila rity  c o effic ie n t am ong tw en ty  rice  
germ plasm s based on fiv e  S S R  m arkers  in th e  Saltol Q T L  reg ion  o f ch ro m o so m e 1

The dendrogram (above Fig. 3) obtained from 23 
alleles of 5 SSR primers showed 5 major clusters 
at similarity levels of 23. More susceptible 
germplasms like Suwandel, Bg352 and Lanka 
Samurdhi were grouped in cluster I. Two 
improved, highly salinity tolerant varieties, At354 
and At401 were separately clustered in cluster II. 
Cluster III contained two sub clusters of which 
one sub cluster contained susceptible variety 
Bg357 while other sub cluster represent tolerant 
and moderately tolerant varieties. The highest 
tolerant cultivar, Goda W ee, was clustered 
together with another tolerant cultivar, Bw400, in 
a sub cluster of major cluster IV suggesting a 
similar genetic background at the tested region, 
Saltol of chromosome 1. These two varieties 
exhibited favorable phenotypic traits for salt 
tolerance although both were originated from two

completely different backgrounds. When the 
main cluster IV is considered, regardless the sub 
clusters, it can be noted that all the varieties 
included are either salinity tolerant or moderately 
tolerant ones. They are four tolerant varieties, 
Goda W ee, Bw400, Kaluheenatil and Maa W ee  
and, three moderately tolerant varieties, namely 
Muhudu Rella, Kaluheenati2 and Kuruluthuda. In 
this cluster except Bw400, all other six varieties 
are traditional varieties suggesting that these 
varieties might have been originated from the 
same ancestor grown in Sri Lanka. It was 
interesting to note that a salinity susceptible 
imported variety, Basmathi, was separately 
clustered in cluster V.

Diversity analysis based on SSR marker alleles 
linked with Saltol clustered the salinity tolerant

8
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and salinity susceptible germplasms as 
compatible with the distribution pattern of salinity 
survival index. Comparison of the SSR allele 
results revealed interesting relationships related 
to the overall level of salinity tolerance in 
germplasms and their origin. Based on these 
alleles, salinity susceptible varieties and tolerant 
varieties were able to be separately sub­
clustered in some main clusters of the 
dendrogram, which appears to be useful in 
selecting parental lines for breeding on salt 
tolerance.

4. CO NC LUSIO N

In this study, of twenty cultivars, two traditional 
varieties, Goda W ee and Al W ee and, an 
improved variety, At354 were highly tolerant to 
the salt level of 12 dS/m, showing more than 0.7 
of salinity survival index. Also traditional 
varieties, Pokkali, Ma W ee, Kivul Handiran and 
Kaluheenatil and improved varieties, Bw400 and 
At401, were categorized as tolerant varieties. All 
these nine germplasms showed minimum 
reduction capacities of root and shoot biomass 
under salinity stress of 12 dS/m confirming their 
comparative salt tolerant nature. Five markers 
selected in the 10-15 Mb of Saltol region on 
chromosome 1 were highly polymorphic and of 
them, RM1287 would be more useful for 
screening of rice germplasm for salinity 
tolerance.
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1 Introduction

Fragrant trait of' O ryza sa ln a  I.. constantly adds value to the 
quality of rice attracting consumer preference Demand for 
high quality aromatic rice is increasing day by day with the 
living standard of people Hasmati and Jasmine rice arc the 
most popular two aromatic rice varieties in the world. 2- 
Acctyl-l-Pyrrolme (2-AP) is the major compound responsible 
for the fragrance in Hasmati and Jasmine style rice (Buttery cl 
al.. 1983; l.oricux et a l . 1996; Widjaja ct al., 19%; 
Yoshihashi. 2002). However, there arc other traditional 
aromatic rice variertics which exhibit different volatile 
compounds other than 2AP such as acetaldehyde, propanol. 2- 
butanonc, pcntanal. hcxanol etc (Tsugita. 1986; Widjaja et 
al., 19%; Singh ct al.. 2007; Yang et al.. 2008) and hence, 
fragrant intensity of a variety may be associated with presence 
of multiple volatile compounds produced by different 
biochemical pathways

Bradbury ct al. (2005) reported that an 8 bp deletion in the 7,h 
exon of badh2 gene, referred as fragrant gene, located on 8"1 
chromosome is responsible for 2AI’ production. The wild type 
badh2 gene encodes the betaine aldehyde dehydrogenase 
enzyme (BADH2) which is reported to be associated with salt 
tolerance in rice (Niu et al.. 2008; Fitzgerald ct al., 2010). 
Recently. Kovac et al (2009) revealed other mutations that 
cause I3ADH2 enzyme non functional and these mutations 
scattered from I “ exon to 14'1’ exon of badh2. were named as 
badh2.l. badh2.2. hadh2.3, badh2.4 and badh2.5, badh2 6. 
badh2.7, hadh2.fi. badM  and hadhIO. It s reported that 
badh2.2. is associated with fragrance of some gcrmplasm in 
China (Shi ct al.. 2008) However, most of the popular 
cultivars including Hasmati and Jasmine rice contain 
predominant badh2 I allele

Rice is salt sensitive crop and sensitivity of rice to salinity 
stress varies with the growth stage. In general, more sensitivity 
was reported at the y oung seedling stage of rice and at the 
stage ot reproduction (Flowers & Yeo.1981; l.utts ct al.. 1995) 
lice nan et al (1988) have also reported that most of rice 
varieties arc extremely sensitive to salinity during young 
seedling stage and early developmental stages Hence, 
improvement of salt tolerance in rice should be targeted at 
these growih stages that arc more sensitive to salinity stress 
since it can significantly affect grain yield

Hasmati is the usual donor of the fragrant gene in the rice 
breeding programs although it shows the poor combining 
ability with some high y ielding varieties (Bourgis ct al.. 2008)
It has been reported that aromatic rice are more susceptible to 
saline soil than non fragrant rice (Niu ct al.. 2008; Fitzgerald ct 
a l. 2010) Therefore, it is necessary to evaluate growih 
performances of Sri I ankan traditional aromatic rice as many 
of them arc commercially uncxploitcd and they have the 
potential to be used in quality improvement breeding programs 
instead ot Hasmati However, there arc only few reports on 
high-quality aromatic rice linked to salt stress. Therefore, this 
study was conducted to examine the relationship between

fragrant intensity and seedling growih of Sii I anknn nee 
gcrmplasms under salt stress and to detect the fragrant allele al 
badh2 locus

2 Materials and methods

2.1 Plant materials

Seeds of 80 rice accessions were obtained from the Plant 
Genetic Resources Center (PGRC). Sri I nnka nnd Rice 
Research and Development Institute (RRDI). Halnlngoda. Sri 
l.anka. Filtecn accessions were selected for this study out of 80 
accessions of which the fragrance was evaluated by KOI! 
method (Sood & Siddiq, 1978) the 15 accessions were 
comprised of 2 high yielding varieties ic AMO I and AM05 
that were derived from same parental lines hut possessed 
different fragrant trails. Pokkali, the well known salt tolerant 
variety. 2 Hasmati varieties and 10 traditional accessions that 
arc popular among commercial growers in Sri I ankn

2.2 Fragrance evaluation

Aroma in leaves was determined according to method 
described by Sood & Siddiq (1978) by mixing 10 ml of 0 5% 
potassium hydroxide (KOII) solution with the chopped leal 
sample obtained from rice plants at tillering stage Hasmati2l7 
was used as the reference for the sensory aroma evaluation and 
the smell of Hasmati2l7 was categorized as highly fragrant 
The KOII treated leaf samples were smelled and fragrant 
intensity score (FIS) was assigned ranging from 0 to 3 which is 
indicated by 0: Non-fragrant. I: fragrant. 2 Highly fragrant 
and 3; Superior fragrant according to the procedure described 
by Amarawathi ct al (2008) by a sensory evaluation panel of 
five members.

2.3 Detection of badh2 alleles

DNA was extracted from each accession and siihicctcd to IT R 
amplification with the mixture consisted of 1 5 pi 1,1 I0X 
buffer. 12 pi of (2.5 mM)dNTPs, I pi (20 pmol/pl) of primers 
(F.SPTTtiTFGGAtiCTTtit Ft;A l ( i. 
IKAP.CATAtKSAtiCAtK'TGAAATATAI ACC. 
INSPiCTtKiTAAAAAtiATI ATGGCTK'A,
EAP: AGTtiC ITTACAAtH (ITTit . Hradbury cl al . 2005) 
and 0 2 pi of (5 unils/pl) laq DNA Polymerase in total 
volume of 15 pi Amplified IVR products were 
clccfrnphorcscscd by I 3% agarose gel followed by cthidmm 
bromide staining

2 4 Preparation of saline soil and establishment of seedlings

Saline soil was prepared based on the procedure described bs 
Sirtsena & Hemachandra (2007) with slight modifications 
The untreated sod contained +75 2".. ofclav. 18 (A> ot sill and 
6 2% of sand and the pH was 8 I while the I Icclitc 
Conductivity of Saturated I xtracl (I ( c) of the soil was 0 71 
dSm ' The calibration graph was plotted in ordci to determine
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EqtotiiOB of Relanomhip between Fragrant Gene end Growth performances of Fragrant Rke (Oryol saliva L.) Seedling! under Salinity Sutw.
the correct amount ol'NaC'l to bo added and accordingly. 0 1 g, 
0.2 g, 0 3 g, 0 4 g. 0 5 g and 0 6 g of NaCI were added 
separately to 250 g soil samples with distilled water up to 
saturated level and samples were stirred over night TCe of 
each sample was measured at room temperature (30°C) allcr 
extracting water by a vacuum  p u m p  and the graph was plotted 
on between IX'e and added weight of NaCI per 250 g of soil. 
Required amount of NaCI to maintain 4 dSm 1 and 8 dSm-1 was 
calculated by the graph Plastic trays (42 cm x 32 cm x 6 cm 
sized) were filled w ith 5 kg of soil and three levels of F.C'e 
with 0.73 dSm'1 (control). 4 dSm'1 and 8 dSnf1 were 
established by saturating the soil with artificially prepared 
saline water added with estimated NaCI. TXcctrical 
conductivity (PC) of prepared soil treatments also measured by 
inserting the portable PC meter- probe into the saturated soil 
and another graph was plotted between the PCc and PC to 
maintain the same PCc throughout the experimental period. PC 
of saturated soil was monitored and dc-ionizcd water was 
added if necessary to the soil tray to maintain correct PC. 
Pach salinity treatment was replicated two limes.

Seeds were soaked and allcr emerging radicals, five day old 
seedlings were transferred in to  trays prepared with three 
salinity levels, 0.73 dSm ’. 4 dSm 1 and 8 dSm'1. Seeds of each 
genotype were planted in a line keeping about 2 cm gap 
between plants comprising of 20 seedlings per accession.

and it was from I to 1 rating which is indicated bv I: Highly 
lolcrant, 3: Tolerant, 5 Moderately Tolerant. 7 Susceptible 
and 9. Highly Susceptible as described by (liegono ct al 
(1907) for salt tolerance on the basis of the morphological 
appearance of seedling growth allcr 21 days of salinity 
treatment

2 7 revaluation of seedling growth

Allcr 21 days of the salt stress, remaining seedlings were taken 
from soil media without damaging the roots Shoot length and 
root length of seedlings of each accession was measured Mean 
shoot length and mean root length were calculated and were 
analyzed to study the seedling growth performances under 
salinity stress over different I IS

2.8 Statistical analysis

Three salinity treatments of 0.73 dSm 4 dSni1 and 8 dSm ' 
and four types of PIS. 0, 1.2 and 3 were followed in a laetorial 
experiment with completely randomized design Mean SSI. 
mean root length and mean shoot length were annly/cd by 
analysis of variance (ANOVA) using Minitah version 15 The 
mean SSI over ITS was analyzed by regression model alter 
creating indicator variables for fragrant categories by Minitah 
version 15.

2 5 Pvaluation of seedling survival 3 Results and Discussion

Seedling survival percentage of each accession was calculated 
once every three days allcr transplanting (DAT) till 21 days of 
the experiment The results of seedling survival percentages 
were expressed as a weighted Salinity Survival Index [SSI] to 
convert them into quantitative data. This index provides 
maximum weight to the seedlings that survive throughout the
21 l)Af. and is calculated from the formula as follows; SSI “ 
(3xSl+6xS2+. . 2lxS7)/ (3-16+..... 21) 100, where SI.
S2 S7 arc the survival percentages that had observed on 3ld. 
b , 21" DAT The generalized form of the formula was 
derived as -

where, D is the DA T. S is the survival percentage, n is the total 
period in DAT (in this experiment n is 21 DAT). Dk is the 
DAT at kth data collection. Sk is the survival percentage of kth 
data collection and k= 1.2.3 n If the assessment is done in 
hydroponics, data can be collected afler salinization, not DAT, 
because transplantation is not required in hydroponics The 
maximum index is TO if all seedlings survived throughout Ihc 
whole period, while the minimum index is 0 if all seedlings 
died on the first day of data taken

2 6 Tvaluation of salt injury

Visual salt injury at seedling stage was assessed by the 
standard evaluation score (STS) for each selected accession

3.1 Tvaluation of fragrance and detection of b«dh2 alleles

Table I represents the result of fragrant intensity of leaves, 
these results revealod that the strengths of the aroma were 
different among accessions. Out of 80 selected accessions 
(Data not shown) the traditional variety Kuruluwec gave the 
highest fragrant intensity and it was higher than Ihc reference 
variety I3asmali2l7 The results of the present study revealed 
Ihc presence of several fragrant and highly fragrant accessions 
as compared to the Hasmati217. (Wall 80 accessions, only two 
local accessions, At 405 and Suwanda-samba exhibited the 
presence of b adh l I allele. None of the Sri I ankan traditional 
fragrant accessions revealed the hadh* / allele at 7 exon 
region and instead wild type allele was delected at the locus

3.2 T valuation of seedlings survival

In this study, in order to detect (he relationship between 
fragrant intensities and seedling growth under salt stress, 
survival percentages of different accessions under salt stress 
were examined (Figure I) Salinity Survival index (SSI) was 
calculated using survival percentages in order to convert the 
data into a quantitative parameter Analysis of variance 
revealed that SSI is significantly (/’ - 0 001) associated with 
different level of fragrant scores (Table I) The regression 
analysis was conducted separately lot 41 ( c and 81 Cc salmits 
levels and the regression models were obtained as follows by 
using MS as indicator variables

lournat of Txpcnmcntal Biologs and Agricultural Sciences 
hup wuw jebas org



10 Kotlcwaclichi cl a!

i) SSI al 4ECe = 0.463 + 0.495 (FIS0) + 0.287 (FIS,) + 
0.360 (FIS2)

b) SSI at 8ECe= 0.111 + 0.652 (FIS0) + 0.487 (FIS,)+ 
0.406 (FIS2)

According to the coefficient obtained at 8ECe (Model: b), non­
fragrant rice (FIS0) has an average of 0.652 higher SSI than 
superior fragrant rice (FIS3) while fragrant rice (FISi) has 
average of 0.488 higher SSI than superior fragrant rice. The 
average difference between highly fragrant rice (FIS2) and 
superior fragrant rice (FIS3) was 0.406 at the ECc level of 8 
dSm'1. In general, accessions with higher fragrant scores 
showed the higher reduction in SSI when the salinity stress 
was increased from 4 dSm'1 to 8 dSm'1.

Non-fragrant accessions, At 401 and Pokkali, exhibited the 
highest SI in both 4dSm'to 8 dSm'1 levels. Although 
Kaluhcenati (Acc. No. 003989) was a fragrant accession it

demonstrated highest SSI as that of I’okkali in both 4 dSm ' to 
8 dSm 1 levels. Least SSI was observed in Kuruluwec (Acc. 
No. 004903) which was the one and only superior fragrant 
accession detected out of 80 accessions. I)asmali2l7 (Acc. No 
007018) also gave very low SSI at 8ECe level. The results 
showed that the trend of the SSI decreases as the fragrant 
intensity increases

3.3 Evaluation of seedlings suit injury

The genotypes classified into five groups from highly tolerant 
(SES: 1) to highly susceptible (SI S: 9) according to visual salt 
injury observations arc presented in fable I None of the noil- 
fragrant genotypes were ranked as susceptible or highly 
susceptible All highly fragrant or superior fragrant genotypes 
exhibited cither susceptible or highly susceptible phenotype 
Kaluhcenati showed the exceptional tolerance even at 8 dSm 1 
as that of salt tolerant check variety. Pokkali

Figure 1 Survival percentages of different accessions under salt stress; A: 4ECc. II 8FCc

Table 1 Fragrant intensity score (FIS), alleles of badh2. standard evaluation score (SES) and salinity survival index (SSI) of tested
accessions.

*• Obtained from RRDI
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Table 2 M eans o f  salinity survival index, shoot length and root length o f  fragrant rice under salt stress.

Fragrant score 

Salt level (ECe)

Non-fragrant fragrant Highly fragrant Superior fragrant

Mean salinity survival index

4 0.9580“ 0.7870b 0.8134b 0.6150°

J 0.76“ 0.5975b 0 .5 17b 0.1105°
Mean shoot length (cm)

4 18.3“ 18.96“ 16.27b 10.85°
8 13.78“ 12.52" 11.81* 6.44b

Mean root length (cm)

4 4 .0 9 “ 3 .06“ 3.58“ 4.03*
8 3.42“ 2.23b 2.56b 1.63°

Means followed by different letters (a, b and c) within each row show significant difference at P  <0.05.

3.4 Evaluation o f  seedlings by shoot length and root length

Analysis o f  variance revealed that both shoot length and root 
length were significantly associated ( P  <0.001) with the 
fragrant intensity groups o f  rice. M eans o f  the shoot length and 
root length are presented in Table 2. A t 8 dS m '1 level, both 
mean shoot length and m ean root length showed significant 
difference between non-fragrant and fragrant groups. In 
general decreasing trend o f  shoot length and root lengths were 
observed as the fragrant intensity increases.

This study was able to identify different intensity groups o f 
rice, probably may be due to the fact that fragrance is 
generated by other volatile com pounds in addition to 2AP. 
Widjaja et al. (1996) have reported that there are various 
volatile compounds associated w ith rice fragrance and hence, 
overall fragrance is likely to be rendered by complex 
interactions o f  volatile com pounds leading to different fragrant 
intensities.

The badh2.1  allele w as detected only in tw o local rice varieties 
out o f 80 accessions and one o f  them , At405, has been bred 
from Basmati parental line. This confirm s that badh2.1  allele is 
not a predominant allele in Sri Lankan rice gene pool. The 
association between salt tolerance and fragrant phenotype was 
previously reported by N iu  et al. (2008) and Fitzgerald et al. 
(2010).

Accordingly, the reason for the low tolerance to salinity has 
been explained by the loss o f  the function o f  BADH2 enzyme 
in fragrant rice. The role o f  BA DH2 is the metabolism o f 
gamma am inobutyraldehyde w hich is supposed to play a role 
in assisting abiotic stress tolerance in plants. Therefore, it was 
proposed that the absence o f  functional BADH2 leads to 
increased levels o f  2AP and decreased level o f  GABA which 
ultimately lead to loss o f  salt tolerance (Fitzgerald et al., 2010).

study only three aromatic accessions appeared possessing 
mutated b a d h 2 . l at 7lh exon. . Kovac et al. (2009) reported 
that there are other alleles o f  hadh2  such as badh2.2 . hadh2.3  
etc. in other locations o f badh2  gene causing the fragrance in 
rice. Non-detection o f fragrant allele in all fragrant rice 
accessions used in this study does not mean that fragrance o f 
those accessions was not caused by mutated badh2  gene. 
There might be a mutation elsewhere in the hadh2  gene. 
Important fact to be noted is that SSI decreases as the fragrant 
intensity inercascs. The similar trend o f  increasing salt 
susceptibility was observed with increasing fragrant intensity, 
when other parameters, SES, shoot length and root length were 
examined. Therefore, it is evident that Sri Lankan fragrant rice 
varieties have an association with the salt susceptibility at 

seedling stage.

Previously, germination index was used by the Khan cl al 
(1997) to measure the germination ability o f riee seeds under 
saline condition. Germination index does not reveal the ability 
to survive o f  young seedlings allcr germination. In this study, 
we derived the SSI to measure the ability to survive under 
salinity stress for the first time based on the survival %  o f each 
accession. SSI was created by giving the maximum weight to 
the plants that survived until the last day o f the data taken and 
minimum weight was given to the plants that survived till only 
the first day o f data taken. As the index distributed 
quantitatively, the variation o f survivals among accessions 

were easily observed and analyzed.

In this study Kuruluwee was identified as a superior fragrant 
variety and thus, the particular variety is worth to be used in 
fragrance improving breeding programs Kaluhccnati showed 
highest SSI as that o f  Pokkali. the salt tolerant check variety 
and therefore, further experiments arc necessary to investigate 
Kaluhccnati as a novel source o f  salt tolerance in gene 

mapping studies.

Out data clearly show  that when the fragrance increases 
susceptibility to salt also increases. As the intact b a d h l gene 
Perform a role in salt tolerance, m utated ba dh2  gene that 
causes rice fragrance due to loss o f  it’s function, might be 
responsible for the susceptibility to salt stress. However, in this
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MICROSATELLITE MARKER BASED HYBRIDITY ASSESSMENT FOR 
SALINITY TOLERANCE IN RICE

Short Communication

D. R. Gimhani1, N. S. Kottearachchi1 and W. L. G. Samarasinghe2

A B STR A C T

Development salinity tolerant rice varieties have been aprioritized research area in rice breeding 
programs in Sri Lanka. Present study was initiated with the cross o f At354, a salt tolerant 
parent and Bg352, a salt susceptible parent aiming at identifying salinity tolerant quantitative 
trait loci (QTL) in elite rice background. In rice, as getting true hybrids is a technical problem, 
Fj progeny was assessed using microsatellite markers that are close proximity to Saltol QTL 
in chromosome 1. SSR Markers such as RM1287, RM493, RM10772, RMJ0852 and RM140 
were polymorphic between parents. Six true hybrids were selected by polymorphic markers 
and subsequent generations were developed successfully by single seed descent method. This 
study explains the feasibility o f utilizing microsatellite markers for verification o f hybridity, 
surveying ofpolymorphic markers in chromosome 1 ofAt354 and Bg352 and progress towards 
Recombinant Inbred Line population development.

Keywords: Hybridity assessment, Microsatellite markers, Rice, Salinity tolerance

INTRODUCTION

Salinity is the second most widespread soil 
problem in rice growing countries next 
to drought (Gregorio et al., 1997). The 
productivity of most paddy growing lands in 
Sri Lanka also declines every year due to soil 
salinity, which arises due to the introgression 
of seawater during high tide and the rising of 
shallow saline ground water particularly during 
the dry season. This condition has aggregated 
by the recent tsunami disaster experienced 
by Sri Lanka by leaving large extent of the 
croplands in coastal area without cultivation 
due to considerable increment of saline 
condition in soil. Therefore, development of 
salt tolerant varieties has been considered as 
one ofthe strategies to increase rice production 
in saline prone areas.

Salinity tolerance in rice is a quantitative trait 
which is governed by many genes (Islam, et 
a[ > 2011). Present study was initiated with the 
aim of identifying salinity tolerant quantitative 
trait loci (QTLs) in elite rice background

under Sri Lankan environment. In view of 
this, development of mapping population 
for salt tolerance is a prerequisite because 
mapping populations provide an efficient 
means for identifying genes and studying their 
associations with various plant traits.

Generally in self-pollinating species, 
mapping population is generated by crossing 
homozygous parents which are distinctly 
different for the trait that is going to be 
assessed (Collard et al., 2005). However, 
in rice, getting true hybrids is a technical 
problem as self- fertilization may occur before 
out crossing preventing the transfer of desired 
traits in progenies. In addition, conventionally, 
the genetic purity of the rice hybrids is 
assessed by the Grow-Out Test based on 
specific morphological traits which is time 
consuming, restricted to a few characteristics, 
influenced by environmental condition, and 
inefficient. Consequently selected plants based 
on such traits may not be true hybrids and 
such inaccurate identification can adversely

'  Department o f  Biotechnology, Faculty o f  Agriculture and Plantation Management, Wayamba Univesity o f  
Sri Lanka, Makandura, Gonawila ( 6 0 1 7 0 )  (NWP). Sri Lanka.

2 Rice Research and Development Institute, Batalagoda, Ibbagamuwa, Sri Lanka.
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affect all stages of future breeding program 
(Tamilkumar et al., 2009). Therefore, present 
study reports the use of microsatellite markers 
for the precise assessment of hybridity in 
generation of At354 and Bg352 cross which is 
then subsequently advanced.

MATERIALS AND METHODS

Experim ental site and P lant m aterial

The study was conducted at the Department 
of Biotechnology, Faculty of Agriculture and 
Plantation Management, Wayamba University 
of Sri Lanka, Makandura, Gonawila in 
collaboration with the Rice Research and 
Development Institute (RRDI), Batalagoda 
and, the crosses were initiated in 2010. At354, 
derived from Pokkali and Bg94-1, was selected 
as the salt tolerant parent and Bg352, derived 
from Bg380/Bg367-4 cross, was selected as 
the salinity susceptible parent.

Hybridization a n d  developm ent o f  m apping  
population

F {seeds produced from At354 and Bg3 52 cross, 
treated with the fungicide were established 
in the nursery. Well grown F, seedlings 
were selected and they were assessed by 
microsatellite markers that were polymorphic 
between parents. Selected true F hybrids were 
advanced to subsequent generations through 
inbreeding towards recombinant inbred line 
population (RILs) by single seed descent 
method (SSD).

DNA extraction

Genomic DNA was extracted from putative F, 
individuals and two parents according to the 
method described in http://rgp.dna.affrc.go.jp/ 
rgp/protocols/QTL.pdf. The leaf pieces were 
homogenized with 300 pi of DNA extraction 
buffer (1 M KC1, 1 M Tris HC1, 0.5 M EDTA). 
Homogenized mixtures were incubated at 
70°C for 20 min. Extracts were centrifuged 
at 13,000 rpm for 15 min under room 
temperature. 100 pi of ice cold iso-propanol

was added into new eppendorf tubes, and the 
supernatant of the above centrifuged samples 
were transferred into them. Solutions were 
mixed gently. After mixing, tubes were kept at 
4°C for 15-30 min and centrifuged at 13,000 
rpm for 15 min under room temperature. DNA 
pellets were washed with 150 pi of 70 % ice 
cold ethanol by centrifuging at 13,000 rpm 
for 10 min. Supernatants were removed and 
pellets were air dried and dissolved in 200 pi 
of 1/10 TE buffer (10 mM Tris, 1 mM EDTA).

M icrosatellite  m arker analysis

According to the Thomson, et a l ,  2010, 
microsatellite markers located at the Saltol 
QTL in chromosome 1, were selected for 
the study (Table 01). The primer sequence 
information was obtained from the published 
sequence database (www.gramene.org).

PCR was conducted using 8 microsatellite 
markers with the 15 pi PCR mixture consisted 
of 5 pi of genomic DNA, 1.5 pi of 10X PCR 
buffer, 1.2 pi of dNTPs (2.5 mM of each 
dNTP), 0.8 pi of primer mixture (20 pM of 
each Forward and Reverse primer) (Integrated 
DNA Technologies, USA) and 0.25 pi of 
Taq DNA polymerase (5U/ pi, Sigma, USA). 
Final volume of the mixture was adjusted to 
15 pi by adding sterile distilled water. PCR 
amplification was performed using thermal 
cycler, BIORAD (USA) and amplification 
profile consisted of initial denaturing at 95°C 
for 5 minutes followed by 35 cycles of 1 
minute at 95°C, 30 seconds at relevant 
annealing temperature (Table 01), 1 minute at 
72°C and final extension cycle of 5 minutes at 
72°C. Amplified PCR products were analyzed 
using 3% agarose gel.

RESULTS AND DISCUSSION

F2, backcross, and RILs are the three primary 
types of mapping populations used for 
molecular mapping (Collard et al., 2005). 
Unlike F2 or backcross populations RILs 
produce homozygous or ‘true-breeding’ lines
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that can be multiplied and reproduce without 
genetic change. In this attempt of producing 
RILs, as the parents of the cross, At354 and 
Bg352 exhibited comparatively similar visual 
appearance and both were in the category of 
3 14 months maturity time, molecular markers 
were used for screening of segregants. 
Similar studies have been conducted for 
the identification of rice hybrids and their 
respective parents, assessment of plant to plant 
variation within parental lines and testing the 
genetic purity of rice hybrids using molecular 
markers (Yashitola et al., 2002; Nandakumar 
et al., 2004; Yun et al., 2005; Sundaram et al., 
2007).

According to the results of the hybridization, 
119 Fj seeds resulted and only 14 Fj seeds 
successfully produced Ft seedlings exhibiting 
11.7% of comparatively low seed viability. 
Five microsatellite markers o f eight, viz., 
RM1287, RM493, RM10772, RM10852 and 
RM140 exhibited polymorphism between 
parents (Figure 01 and 02). These polymorphic 
markers were used to examine the hybridity 
of 14 well grown F, individuals. Accordingly, 
hybridity of 6 F, individuals was confirmed 
proving their heterozygosity at the respective 
loci representing two specific alleles of both

parents (Figure 02). Rest of the 8 F: individuals 
were confirmed as off-types as they exhibited 
only one of the alleles of parents.

By selling of selected 6 true hybrids, 350 F2 
segregants were raised successfully followed 
by advancing of subsequent generations by 
SSD method as illustrated by Figure 03. 
Assessment of homozygosity of F5 population 
indicated that all tested individuals (96 
seedlings) were 100 % homozygous which 
would be tally with the expected level of 92% 
homozygosity in Mendelian genetics.

CONCLUSION

In present study, hybridity of 6 F, individuals 
derived from AT354/Bg352 cross was 
confirmed precisely with the RM1287, 
RM493, RM10772, RM10852 and RM140 
microsatellite markers. By selling of 6 true 
hybrids, 350 F2 segregants were raised 
successfully followed by advancing of 
subsequent generations to F5 with the expected 
level of homozygosity. As the SSR markers 
used in this assessment are located in close 
proximity to Saltol QTL, they would possibly 
be useful for the identification of Saltol QTL 
in At354 and Bg352 cross.

Table 01: Selected rice microsatellite markers located at chromosome 1.

Locus name Primer sequence SSR motif Annealing T.
( C ° ) . . . . . _

RM562 CACAACCCACAAACAGCAAG (AAG),3 53CTTCCCCCAAAGTTTTAGCC

RM493* TAGCTCCAACAGGATCGACC
GTACGTAAACGCGGAAGGTG (CTT)9 56

RM8115 TATATAGTAAATTTGTTTGGTGTAGG
ACAGATGGATATTATAAGAAGTAACA (TA)18 50

RM6711 TAGTGATAGGGGTGGTGTGG
TTACAAGCATGGGAGTTGGG I oo 56

RM1287* GTGAAGAAAGCATGGTAAATG
CTCAGCTTGCTTGTGGTTAG (AG)I7 53

RM10772* GCACACCATGCAAATCAATGC
CAGAAACCTCATCTCCACCTTCC (CTT)16 55

RM10852* GAATTTCTAGGCCATGAGAGC
AACGGAGGGAGTATATGTTAGCC (ATAG)5 58

RM140* TGCCTCTTCCCTGGCTCCCCTG
GGCATGCCGAATGAAATGCATG (CT)12 58

'polymorphic between parents
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Figure 01: Polymorphism between parents, At354 and Bg352

Lane L- 100 bp DNA ladder, Lane 1,3 and 5 -At354 amplified with RMI0852, RMI0772 and RM140 respectively. 
Lane 2,4 and 6- Bg352 amplified with RM10852, RM10772 and RMI40 respectively

Figure 02: PCR profile generated with Fj individuals from (a) RM1287, (b) RM493 SSR 
markers.

Lane PI- At354 parent, Lane P2-Bg352 parent, Lane 1-14- F: individuals

P I (At354) X  P2 (Bg352)

|  Artificial cross pollination 

F. (119 seed s-14 F; well grown)

|  Molecular assessment 

F s true hybrids (6)

J  Self-pollination 

F : (350 F; Segregants)

|  Self-pollination

Fj (350 F ; individuals advanced to 
• Fi by  SSD method)

I SSD & Self-pollination

F4 (173 F4 iuditiduals advanced to 
I Fj by SSD method)

|  SSD & Self-pollination 
F ,

Figure 03: Schematic representation of the progress of developing mapping population
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MAPPING OF S A L IN IT Y  T O L E R A N T  Q TLS  O N C H R O M O S O M E  1 IN  R ICE  (O R Y Z A  S A T IV A ) 
USING RILS D E R IV E D  F R O M  A T 35 4  A N D  BG 352
R- Dikkumburaae1. N.S. Kottearchchi1, W.L.G. Samarasinghe2, G.B. Gregorio3 
Department of Biotechnology, Wayamba University of Sri Lanka, Makandura, Sri Lanka 
Biotechnology, Rice Research and Development Institute, Batalagoda, Sri Lanka 
Plant Breeding Genetics and Biotechnology Division, International Rice Research Institute,

Los Banos, Sri Lanka

Purpose:
Salinity is one of the main soil problems impeding rice production in Sri Lanka. Breeding for salt 
tolerance is the most promising approach to enhance the productivity in saline prone areas. Salinity 
tolerance is a quantitative trait, governed by many genes across the rice genome making 
complexity in breeding. Present study was initiated to identify salinity tolerant QTLs in elite rice 
background, facilitating the breeding for salt tolerance.

Approach and m eth o d s  u sed :
At354 (Pokkali/Bg94-1) and Bg352 were selected as salt tolerant and susceptible parents 
respectively. Recombinant inbred lines (RILs) population (300 lines) was developed as a mapping 
population through single seed descent method. Of them 100 RILs were screened phenotypically 
for seedling stage salinity tolerance using hydroponics system under EC of 12dS m \ Population 
was assessed using Salinity Survival Index (SSI), length and dry weight of shoots and roots.

Previously, a major QTL (Saltol), was identified on chromosome 1 using RILs derived from 
IR29/Pokkali cross. Therefore, study initially focused on Saltol region as At354 has the background 
of Pokkali. Accordingly, parents were screened using 42 SSR markers associated with the Saltol 
region and RILs were genotyped using polymorphic markers. Subsequently, linkage map was 
constructed and QTL analysis (simple interval mapping) was performed.

Key results:
°ut of 42 markers surveyed, 12 markers were polymorphic between parents. RILs were genotyped 
using polymorphic markers and linkage map was constructed covering the length of 7.3cM at an 
average 2 locus interval of 1.46cM. One significant QTL, qRSS1.1, was detected for SSI flanking 
RM10852 and RM10864 markers at about 14 Mb on the short arm of the chromosome 1 closer to 
SalTgene, explaining 6.2% of phenotypic variation.

Synthesis and A p p lic a tio n s :
QTL identified in this study would be useful to be introgressed into elite cultivars facilitating the 
breeding for salt tolerance. Further studies are being continued to saturate the genetic map using 
more number of SSR and SNP markers to detect closer association to the salinity tolerance with 
he reported QTLs and other novel QTLs.
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A N A L Y S IS  O F  Q T L  FO R  SA LIN ITY  TO LE R A N C E  O N CHRO M O SO M E 4 IN RICE
B.A. Dahanavaka1. N.S. Kottearachchi1, D.R. Gimhani1, W.L.G. Samarasighe1 
2‘Department of Biotechnology, Wayamba University of Sri Lanka, Makandura Gonawila, Sri Lanka 
Department of Plant Breeding and Biotechnology, Rice Research and Development Institute, 

Bathalegoda Ibbagamuwa, Sri Lanka

P urpose:
Development of salt resistant rice varieties has been a current requirement as many rice growing 
countries suffer from saline affected soil. Recognizing of salt tolerant QTLs from different varieties 
and compiling them into a one line would be a promising way to develop salt resistant varieties. 
Aiming at achieving this objective, we used a Recombinant Inbred Line (RIL) population previously 
developed from the cross between At354, a salt tolerant variety and Bg 352, a salt susceptible 
variety to explore the QTLs for salinity tolerance spanning few chromosomes. Here we report a 
novel QTL and SSR markers associated with the seedling tolerance under salt stress.

A p p ro ach  an d  m eth o d s  used:
Phenotyping was performed in hydroponics with salt stress of 12 dS/m using 100 lines of F5 
population. At seedling stage, Salinity Survival Index (SSI), root length, shoot length, dry shoot 
weight and dry root weight were assessed under salt stress. Parents were surveyed for the 
polymorphism using SSR markers in few chromosomes and the SSR markers that were 
polymorphic were used for genotyping of the F5 lines.

Key resu lts :
Statistical analysis enabled us to detect few SSR makers that are significantly linked with 
phenotypic traits. Among them, chromosome 4 showed a putative novel QTL (qRSS4.1) that 
significantly affect for SSI (P< 0.01), shoot length (P<0.01), Root length (P<0.05), and Dry root 
weight (P<0.05). QTL map was constructed and the putative QTL was significant explaining 9% 
phenotypic variation in SSI.

S ynthes is  a n d  A p p lica tions:
This QTL is worth to be exploited for fine mapping and gene discovery in order to utilize in marker 
assisted breeding in rice.

Acknowledgment: Financial assistance from National Science Foundation of Sri 
Lanka (RG/2011/BT/02)
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ASSESSM ENT O F S E E D L IN G  T O L E R A N C E  O F S R I-L A N K A N  R IC E  (O R Y Z A  S A T IV A ) 
GERMPLASM  U N D E R  S A L T  S T R E S S  U S IN G  S S R  M A R K E R S  L IN K E D  W IT H  S A L T O L  Q T L
A/.S. Kottearachchi1. B.A. Dahanayaka1, D.R. Gimhani1
'Department of Biotechnology, Wayamba University of Sri Lanka, Makandura, Sri Lanka 

Purpose:
There are vast numbers of divergent rice germplasms in Sri Lanka. As the development of salinity 
tolerant cultivars has become a prioritized research area, it is necessary to assess these varieties 
and utilize them in breeding programs. Previously a major salinity tolerant QTL called Saltol has 
been discovered in chromosome 1 of Pokkali derived germplams. Assessment of SSR markers at 
the region of previously reported QTL, Saltol, and phenotypic assessment of seedling stage of rice 
germplasms would give some insight into the understanding of salt tolerance

Approach and m e th o d s  u sed :
In this regard we analyzed twenty rice germplasms, including traditional and improved varieties, 
with five SSR markers closely linked to Saltol QTL. W e derived a novel formula of Salinity Survival 
Index (SSI) in order to assess the survivability of the plants under stress in terms of quantitative 
parameter. Morphological traits of the seedlings were assessed under saline condition which was 
created with 100mM NaCI concentration (12 ds/m) in hydroponics.

Key results:
The variation of survivals among germplasm was easily assessed as the SSI distributed 
quantitatively. Results showed that SSI, root length, shoot length, fresh root weight, and dry root 
weight, were significantly different among varieties. SSI and visual injuries were exhibited that 
some traditional varieties and exotic varieties are extremely tolerant even than Pokkali, the well- 
known salt tolerant check variety. The dendrogram obtained from cluster analysis of DNA markers 
indicated that some of the tolerant varieties were grouped in separate clusters.

Synthesis an d  A p p lic a tio n s :
Polymorphic banding patterns of SSR markers obtained from tolerant and susceptible varieties 
near Saltol would be useful in selecting parental lines for the rice improvement breeding programs 
designed for salt tolerance.

Acknowledgment: Financial assistance from National Science Foundation (RG/2011/BT/02)
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There are vast numbers of divergent rice germplasms in Sri Tanka. As the 
development of salinity tolerant cultivars has become a prioritized research 
area, it is necessary to assess these varieties' and utilize them in breeding 
programs Previously a major salinity tolerant QTI. called Saltol 1 has been 
discovered in chromosome I of Pokkali derived germ plants. Assessment of 
SSR markers at the region of Salto l I QTI . and phenotypic assessment of 
seedling stage of rice germplasms would give some insight into the 
understanding of salt tolerance. In this regard, we analyzed twenty rice 
germplasms, including traditional and improved varieties, with five SSR 
markers closely linked to S alto l 1. Also morphological traits of the seedlings 
were assessed under saline condition which was created with lOOmM NaCI 
concentration (12 ds/m) in hydroponics. Results showed that root length, 
shoot length, fresh root weight, and dry root weight were significantly 
different among varieties. Survival index and visual injuries were exhibited 
that some traditional varieties and exotic varieties arc extremely tolerant 
even than Pokkali, the well-known salt tolerant check variety. The 
dendrogram obtained from cluster analysis of DNA markers indicated that 
some of the tolerant varieties were grouped in separate clusters. Polymorphic 
banding patterns of SSR markers obtained from tolerant and susceptible 
varieties near S alto l / would be useful in selecting parental lines for the rice 
improvement breeding programs designed for salt tolerance.

Key words: Rice germplasms. salinity Tolerance. S a lto l I (.H I . SSR markers 
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PROGRESS TOWARDS MAPPING OF A QTL FOR SALINITY TOLERANCE ON 
CHROMOSOME 4  IN RICE
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In Sri Lanka, rice cultivation in coastal areas has been affected by the saline ground water 
especially in the dry season. Cultivation of salt resistant rice varieties is the most feasible and 
promising way to survive under saline soil. Salt tolerance is a polygenic character, governed by 
Quantitative Trait Loci (QTLs) scattered throughout the whole genome of rice. Heme, it is 
necessary to identify salt tolerant varieties.that have accumulated different salt tolerant QTLs 
using molecular breeding programs. Aiming at achieving this objective, a Recombinant Inbred 
Line (RIL) population was previously developed by crossing of At354, a salt tolerant variety with 
Bg352, a salt susceptible variety. At354 is an elite rice variety originated from Pokkali which has 
been frequently used as a donor of salt tolerant genes in breeding programmes. Therefore, it can 
be assumed that Pokkali inherited QTLs might be present in salt resistant RIL lines. In this study 
we assessed 88 SSR markers that are located about 30-40 cM apart from each other in several 
chromosomes for the polymorphisms between two parents. Seedlings of 100 F5 lines were 
grown under 12EC level of the salinity in hydroponics and Seedling Survival Index was 
determined in each line. Of all SSR markers tested 19 markers were found to be polymorphic 
between parents. In Chromosome 4 seven polymorphic SSR markers were detected and a linkage 
map was constructed. One SSR marker located in chromosome 4 showed that AI354 genotype 
has significantly high salinity survival irtdex (0.01) contributing to the salt tolerant phenotype. 
Hence a significant QTL for salinity tolerance was found in chromosome 4 of At354 and Bg352 
cross. This is the first reported QTL identified in Sri Lanka using locally bred mapping population 
of rice.

The financial assistance from National Science Foundation (RG/2011/BT/02) is gratefully 
acknowledged.
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Microsatellite Marker-based Hybridity Assessment; an approach 
towards development of mapping population for salinity tolerance

in rice
D. R . Gimhani1*, N. S. Kottearachchi1 and W. L. G. Samarasinghez

1 D epartm ent o f  Biotechnology, Faculty o f  Agriculture and Plantation M anagem ent, 
Wayamba Univesity o f  Sri Lanka

2 Rice Research and Development Institute, Batalagoda, Sri Lanka.

S a lin ity  to le r a n c e  in r ic e  is  a q u a n tita tiv e  trait w h ic h  is  g o v e r n e d  b y  m a n y  g e n e s .  
P re se n t s tu d y  w a s  in it ia te d  w ith  th e  a im  o f  id e n tify in g  sa lin ity  to le r a n t q u a n tita t iv e  trait 
lo c i (Q T L s)  in  e l i t e  r ic e  b a ck g ro u n d  un der Sri L an k an  e n v ir o n m e n t. In  v ie w  o f  th is ,  
d e v e lo p m e n t  o f  m a p p in g  p o p u la tio n  fo r  sa lt to ler a n c e  is  a p r e r e q u is ite  fo r  th e  
id e n tif ic a t io n  o f  sa lin ity  to lera n t Q T L s.

In r ic e , g e t t in g  o f  true h y b rid s is  a tech n ica l p ro b lem  a s  s e l f -  fe r t i liz a t io n  m a y  o c c u r  
b e fo r e  o u t  c r o s s in g . C o n v e n tio n a l s e le c t io n  o f  h y b rid s b a s e d  o n  s p e c i f ic  m o r p h o lo g ic a l  
traits is  t im e  c o n su m in g , restr icted  to  a f e w  c h a r a c te r is t ic s , in f lu e n c e d  b y  
e n v ir o n m e n ta l c o n d it io n  a n d  in e ff ic ie n t. T h e r e fo r e , p r e se n t s tu d y  w a s  c o n d u c te d  for  
the p r e c ise  a s s e s s m e n t  o f  h y b r id ity  in F I  p r o g e n y  d e v e lo p e d  fo r  sa lt  to le r a n c e  a s  th e  
a ss e s s m e n t  o f  h y b rid ity  is  a c ru cia l fa c to r  fo r  su b se q u e n t a d v a n c in g  o f  b r e ed in g  
p r o g e n ie s .

A t3 5 4  v a r ie ty  d e r iv e d  fr o m  P o k k a li and B g 9 4 -1  w a s  s e le c te d  a s  sa lt  to ler a n t p aren t as 

it e x h ib its  r e s is ta n t to  sa lin ity  in  Sri L an k a w h ile  B g 3 5 2  w a s  s e le c t e d  a s  a sa lin ity  

s u sc e p t ib le  c u lt iv a r . B y  c r o s s in g  A t3 5 4  w ith  B g 3 5 2 ,  F! p r o g e n y  c o n s is t in g  o f  1 1 9  F I  

s e e d s  w a s  d e v e lo p e d . P a ren ts  w e re  g e n e t ic a lly  sc r e e n e d  fo r  p o ly m o r p h is m  u s in g  16  

m ic r o sa te ll ite  m a rk ers a sso c ia te d  w ith  the  r e g io n  o f  Saltol Q T L  in  c h r o m o s o m e  1 and  
o u t  o f  th o s e ,  9  m ark ers R M 1 2 8 7 , R M 4 9 3 , R M 8 0 9 4 , R M 1 0 7 6 4 ,  R M 1 0 7 4 5 ,  R M 1 0 7 7 2 ,  
R M 3 4 1 2 , R M 1 0 8 5 2  and R M I 4 0  e x h ib ite d  parental p o ly m o r p h is m . O f  th e m , R M  1 2 8 7  

and R M  4 9 3  w h ic h  w e re  c lo s e r  (a  th e  Saltol Q T L  w e r e  u se d  to  e x a m in e  14  w e ll g r o w n  

F I  in d iv id u a ls  an d  th e ir  h y b rid ity  w a s c o n fir m e d  b y  c o m p a r in g  c o m p le m e n ta r y  a lle le s  
o f  p aren ts. A c c o r d in g ly ,  h y b r id ity  o f  6  F , in d iv id u a ls  w a s  c o n f ir m e d  p r o v in g  their  

h e te r o z y g o s ity  at th e  r e s p e c t iv e  lo c i .  B y  s e lf in g  o f  6  true h y b r id s , 3 5 0  F 2 se g r eg a n ts  
w e re  r a ised  s u c c e s s fu lly  f o l lo w e d  b y  a d v a n c in g  o f  su b s e q u e n t  g e n e r a t io n s  to w a rd s  
d e v e lo p m e n t  o f  r ec o m b in a n t in b red  lin e s  w h ic h  c o u ld  b e  u t i l iz e d  as m a p p in g  
p o p u la t io n  fo r  id e n tif ic a t io n  o f  sa lin ity  to leran t Q T L s u n der S ri L a n k a n  en v iro n m en t. 
T h is  s tu d y  p r o v e d  th e  fe a s ib ility  o f  u tiliz in g  R M  1 2 8 7  an d  R M 4 9 3  m arkers for  

v e r if ic a t io n  o f  h y b r id ity  in  fu tu re  b r e ed in g  p r o g r a m m e s w h ic h  u t i l iz e  sa m e  parental 
l in e s .

Keywords: H y b r id ity  a s s e s sm e n t , m ic r o sa te llite  m ark ers, r ic e , sa lin ity  to le r a n c e

A cknow ledgem ents:: Financial Assistance from  W ayamba University o f  Sri Lanka
(SR H D C /R P/01/10-05) and N SF  Grant (R G /20I l/B T /0 2 )
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Mapping population development for salinity tolerant QTLs in 
rice and niicrosatellite marker-based hybridity assessment

Gimhani D.R.1, Kottearachchi N.S. 'and Samarasinghe W.L.G.-’
1 D epa rtm en t o f B iotechnology, fa c u lty  o f A g ricu ltu re  and P lantation Management, 

W ayam ba U n ives ity  o f Sri Lanka, M akandura, Gonawila (NW P), Sri Lanka.
1 Rice Research and D evelopm ent Institu te , Balalagoda, Ibbagnmuwa, Sri L.inka,

Salinity tolerance in rice is a quantitative trait, which is governed by many 
genes. Therefore, the present study was initiated with the aim of identifying 
salinity tolerant quantitative trait loci (QTLs) in elite rice background under Sri 
Lankan environment in order to develop salinity tolerant cultivars. Rice (Orym  
sa tiva ) variety At354, derived from Pokkali and Bg94-1 cross, exhibits extreme 
salinity tolerance and thus, was selected as the salinity-tolerant parent while 
Bg352 was selected as a susceptible parent. The At354 was crossed with Bg352 
and 119 Fi seeds were produced. In rice, getting of true hybrids is a technical 
problem as self-fertilization may occur before out crossing, preventing the 
transfer of the desired traits in progenies. In addition, the conventional 
selection of hybrids based on specific morphological traits is time consumii ,̂ 
restricted to a few characteristics, influenced by environmental condition and 
inefficient. Therefore, a molecular approach was followed for precise 
assessment of hybridity in Fi generation by using microsatellite markers 
associated with the major salt tolerant QTL (Saltol). The selected parents wor*> 
genetically screened along with the variety Pokkali using RM1287, RM562, 
RM493, RM6711, RM8115, RM10745 and RM10772 microsatellite markers. Out 
of those, RM10745, RMlp772 and RM1287 were polymorphic between parents 
and co-segregate with 1 Pokkali indicating inheritance of Pokkali origin 
chromosome 1 region in At354. Using polymorphic RM1287, 14 Fi individuals 
that were grown successfully were examined and out of them, hybridity of 6 Fi 
individuals was confirmed. By selfing of six true Fi hybrids, 350 1*2 segregants 
were raised successfully followed by advancing of subsequent genet ations by 
single seed descent method in order to produce recombinant inbred lines 
(RILs). Future studies are necessary to be utilized At354 x Bg352 RILs as 
mapping population for identification of salinity tolerant Q1 Ls undei St i Lankan 
environment.

Keywords: Salinity tolerant rice, microsatellite markers, hybridity assessment
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Workshop on Gene /QTL mapping in plants

8th -9th Septem ber 2015

Venue: S taff D evelopm ent Centre, Faculty o f Agriculture and Plantation M anagem ent, 
Wayamba University o f Sri Lanka (WUSL)

Day 1: 8th September 2015
Resource Personnel

8.30 -900 Registration + Refreshments

9.00 -9.05 Welcoming address by Head of the 
Department of Biotechnology

9.05-9.15 Address by Vice chancellor of WUSL

9.15-9. 30 Self introduction by participants and 
resource persons

9.30-10.00 Application of Molecular markers (MM) in 
Marker Assisted Selection (MAS) and 
QTL/gene mapping
Desired outcomes: Overview of molecular 
markers , Examples for the use of MM in 
MAS, Importance of MM in QTL/gene 
mapping

Prof. Thilak 
Attanayaka, WUSL

10.00- 10.30 Introduction to genome mapping and 
mapping populations 
Desired Outcomes .Brainstorming on 
requirements for genome mapping, 

types of mapping populations and 
applicability of each mapping population

Dr. Chandrika Perera, 
CRI

Working snack
10.30-11.15 Principle of QTL/gene mapping 

Desired Outcomes: Introducing the 
necessity for genotyping and phenotyping 
of mapping populations, Marker trait 
association analysis for quantitative traits, 
Brainstorming of Linkage mapping and 
QTL/gene mapping methods

Ms DR
Gimhani,WUSL

11.15-1,15 Practical: Hands on experience with 
linkage mapping
Desired Outcomes:Introducing scoring ot 
genotypes, overview of linkage mapping

Ms DR Gimhani, Ms 
BuddhikaDahanayake 
(WUSL), Prof. N. 
Kottearachchi,



software and construction of linkage maps 
by their own using Join map software

Dr.Chandrika Perera

1.15 2.15 Lunch break
2.15-4.00 Practical Continuation -Hands on 

experience with linkage mapping
Ms DR Gimhani, Ms 
BuddhikaDahanayake, 
Prof. N.
Kottearachehi, 
Dr.Chandrika Perera

Working snack
4.00 -4.30 A Case study on mapping for salt tolerant 

genes in rice
Desired Outcomes: Introducing a plan for 
a QTL mapping study based on a cereal 
crop and implementation of a QTL 
mapping project

Prof. N.
Kottearachehi, WUSL

Day 2: 9th Septem ber 2015
9.00- 10.00 Gene mapping techniques for tree crops 

Desired Outcomes:A case study with coconut 
and genome wide association study (GWAS)

Dr. Chandrika 
Perera, CRI

Working snack
10.00-12.30 Practical: Hands on experience with mapping 

genes/QTL by single marker analysis, Simple 
interval mapping (SIM) and composite interval 
mapping (CIM)
Desired Outcomes: Overview of QTL mapping 
software i.e Qgene and Win QTL 
Cartographer, Operating Qgene software with 
the provided datasheets sothat participant can 
construct QTL maps by their own

Ms DR Gimhani, 
Ms
BuddhikaDahana 
yake. Prof. N. 
Kottearachehi, 
Dr.Chandrika 
Perera

12.30 - 1.30 Lunch break __  -  — .................
1.30-2.30 Practical continuation: Mapping genes/Q'I Ls 

Composite Interval mapping
Ms DR Gimhani, 
Ms
BuddhikaDahana 
yake. Prof. N. 
Kottearachehi, 
Dr.Chandrika 
Perera

2.30-3.15 Approaches for fine mapping, NILS, CSL 
Desired Outcomes. Construction of special 
populations and use of them for more 
precise/fine mapping ot Q 1 Ls/genes

Dr. Chandrika 
Perera, CRI

Working snack



3.15-3.40 Overview of automated genotyping with SNP 
markers
Desired Outcomes: Introduction to high 
throughput SNP genotyping platforms, 
underlying principle of the technique in brief 
and usefulness of the technique in molecular 
breeding

Ms DR Gimhani, 
WUSL

3.40 -4.00 Implementation of the outcomes of QTL 
mapping
Desired Outcomes: Brainstorming on final 
outcomes of QTL maps leading to candidate 
gene discovery and developing introgressed 
lines using examples

Prof.
N.Kottearachchi,
WUSL

4.00- 4.30 Participants feedback and Awarding of 
certificates

Prof. Thilak 
Attanayaka, 
WUSL

End of the workshop
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M
s. Duvini Chathurangi 

Faculty of Graduate Studies, 
Research

Padukkage 
Faculty of Agriculture, Board 

Assistant/M
.Phil.

of Study in Agriculture, 
candidate
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Ms. Elpitiya Udari Uvindhya 
University of Ruhuna 

PhD student /
Rathnathunga 

Research assistant
M

r. S.W
.G.C. Ruwan Kum

ara 
Coconut Research Institute, 

Research Officer
Lunuwila
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PhD student
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Workshop on Gene/QTL Mapping 
On 8th and 9th September 2015

Registration Sheet: Day 01 (08.09.2015)

I  N o .  

1

S i g n a t u r e

0 1 . M s .  K .  N .  S .  P e r e r a C o c o n u t  R e s e a r c h  I n s t i t u t e

0 2 . M s .  L i y a n a g e  C h a n d i m a  

J a y a m a l i  K a m a r a l

G e n e t e c h  m o l e c u l a r  

D i a g n o s t i c s

0 3 . M s .  W . W . M . A .  I r o s h i n i C o c o n u t  R e s e a r c h  I n s t i t u t e»

0 4 . M r .  Y . A .  P r a s a n n a  K u m a r a  
D a y a s e n a

P o s t g r a d u a t e  I n s t i t u t e  o f  

S c i e n c e ,

U n i v e r s i t y  o f  P e r a d e n i y a

0 5 . D r .  ( M r s . )  S a m a n t h i  P r i y a n k a  

W i t a n a g e

R u b b e r  R e s e a r c h  I n s t i t u t e

0 6 . M s .  P . V .  A s i r i  A n u s h k a R u b b e r  R e s e a r c h  I n s t i t u t e

0 7 . C h a r i t h a  J a n a k i  G u n a s e k a r a F a c u l t y  o f  S c i e n c e ,  

U n i v e r s i t y  o f  C o l o m b o

0 8 . M r .  H . A . S . D .  P e r e r a U n i v e r s i t y  o f  R u h u n a
.......

0 9 . M s .  E l p i t i y a  U d a r i  U v i n d h y a  

R a t h n a t h u n g a

U n i v e r s i t y  o f  R u h u n a

1 0 . M r .  S . W . G . C .  R u w a n  K u m a r a C o c o n u t  R e s e a r c h  I n s t i t u t e

1 1 . M s .  A n a s u y a  N i s h a m a n i  

K o d i t h u w a k k u

U n i v e r s i t y  o f  R u h u n a

i k t . .

1 2 . M s .  N a d u g a l a  V i t h a n a g e  

T h i l i n i  J a y a p r a d a

U n i v e r s i t y  o f  R u h u n a

1 3 . M r .  N a n d a k u m a r  

J e y a d a r s h a n

C o c o n u t  R e s e a r c h  I n s t i t u t e

*



1 4 . D r .  H . D . D .  B a n d u p r i y a C o c o n u t  R e s e a r c h  I n s t i t u t e

1 5 . M s .  G a m p o l a w a d u g e  G a y a n i  

M a n j u l a  F o n s e k a

I n s t i t u t e  o f  B i o c h e m i s t r y  

M o l e c u l a r  B i o l o g y  a n d  

B i o t e c h n o l o g y

1 6 . M s .  A l a w a t u r a g e  M a l i k a  

M a r i a n  S u d a r s h i n i  P e r e r a

S u g a r c a n e  R e s e a r c h  I n s t i t u t e

1 7 . D r .  S u d a r s h a n e e  

G e e k i y a n a g e

U n i v e r s i t y  o f  R u h u n a

1 8 . M s .  D u v i n i  C h a t h u r a n g i  

P a d u k k a g e

U n i v e r s i t y  o f  R u h u n a

t
_______________ n  ____________________________

1 9 . M s .  R u m a n a  A z a d U n i v e r s i t y  o f  R u h u n a

f #  .

2 0 M s .  T o l s h i  T a n i y a  D i a s  

D a h a n a y a k e

U n i v e r s i t y  o f  R u h u n a

5̂ ^  ^nbljUr
t

2 1 M s .  S u m i t h r a  A r a c h c h i g e  

D o n .  P r a d e e p a  S a n d a m a l i  

J a y a w a r d h a n a

T e a  R e s e a r c h  I n s t i t u t e

i

2 2 . D r .  A r u n a  W i j e s u r i y a S u g a r c a n e  R e s e a r c h  I n s t i t u t e c W \



m m
International R:c e  Re s e a r c h INSTITUTE

Office of the Deputy Director General (Research)

2011 October 17

MS. DIKKUMBURAGE r a d h ik a g im h a n i
Lecturer
Department of Biotechnology 
Faculty of Agriculture and Plantation Management 
Wayamba University of Sri Lanka 
Makandura, Gonawiia, 60170. Sri Lanka 
E-mail Address:

Dear Ms. Gimhani:

I am pleased to inform you that you have been awarded the 2011 Global Rice Science Scholarship io enable you to pursue 
your PhD Sandwich Degree Program at the Wayamba University of Sri Lanka and IRRI under the supervision of Dr. Glenn 
Gregorio, Senior Scientist, Plant Breeding, Genetics and Biotechnology (P8GB) Division. Under the terms of this invitation 
you are expected to be enrolled at the Wayamba University, while conducting your research at IRRI.

Your scholarship program is initially for a period of one (1) year effective on 2011 November 01 or on the date of your arrival 
at IRRI. An appropriate extension maybe considered depending on the progress of your academic work and availability ot 
funding. Please note that the maximum duration of your program at IRRI is 3 years.

It is understood that your thesis research conducted at IRRI will be submitted to WU as a partial fuliillment for your PhD 
degree. Due recognition will be given to the fact that the thesis research was conducted at IRRI under the supervision of 
Dr. Glenn Gregorio. Also you are expected to write your thesis in English and to deposit a copy in the IRRI Library upon 
completion ol your studies.

Funds for your scholarship will be provided to the Internationa! Rice Research Institute (IRRI) by the 2011 Global Rice 
Science Scholarship under Budget Code No. 7500-RCOOOOOG4102090. Under this program, you will receive the following 
benefits:
•  roundtrip airticket by the most direct route to and from university where registered:
•  pre- and post-departure allowance of US$75.00 (each way);
•  funds to cover university fees;
•  local group medical insurance up to a Maximum Benefit Limit (MBL) of Psl 00,000.00 per disease/per year pro-rated 

based on your period of coverage, and accidental death insurance amounting to Ps500.000.00 (Philippines territory only 
and we encourage you to make arrangements for supplemental insurance protection to cover all travel, accident, medical, 
life, and other eventualities for which insurance would be desirable to have, inclusive of travel time to and Irom IRRI or 
any other location for this assignment.);

•  a monthly stipend of US$700.00 for board, lodging, and incidental expenses during your stay at IRRi HQ;
•  computer and network access at IRRI HQ;
•  shipping allowance amounting to USS360.00;
•  airport pick-up and send-off during travel to IRRI;
•  AFSTRi membership fee;
•  funds to cover book allowance amounting to USS300/year and;
• funds to cover attendance to professional development/'leadership development courses while at IRRI; please note that 

attendance to such programs should be duly endorsed by your supervisors.

In addifion, you will be provided office space, use of laboratory facilities and access lo the Library and Documentation Center. 
Please note, however, that the program does not provide for family support whatsoever, and under no circumstances will IRRI 
assume any responsibility for you' dependents in case they will join you. Moreover, you will not receive any other financial 
benefits from the scholarship whatsoever.

Rice Science for a Better W® rid ...more
. ] ■ ' • ■ . ■ . . 8 . .. t • ' : '

; . , . ' ■ . ■ • ' ' ■



.L e t t e r to Ms. G.D. G im hani/2011 O c to b e r 17 page 2

P a r t ic ip a n ts  in IRRI's training programs a re  expected to return to their organizations immediately upon completion of their 
p r o g r a m  and to work on rice and rice -based  farm ing systems. They will not be considered for any additional training or 
r e o r ie n ta t io n  program at IRR! during th is p e rio d  - unless cleared by their institute and with the IRRi Deputy Director General for 
R e s e a r c h  (DDGR). IRRI will be unable to a ss is t them  in finding placement elsewhere.

O u r  travel agent, BTI Philippines M a rs m a n , w ill prepare a visa cable to facilitate your 9E-2 visa application. Please send us 
y o u  r  contact number, nearest Philippines E m ba ssy  where you will apply for your visa, and passport details (complete name, 
b ir th d a te /p la c e , passport no., date/place o f issu e  and validity) as soon as possible. Kindly note that you must obtain a “9E-2” 
v i s a  to enter the Philippines and stay for the  du ra tion  of your program.

B y  accepting  a scholarship or training o p p o rtu n ity  a t IRRI, the scholar hereby agrees to the following:

•  “results of collaborative research w ill be  jointly published in the public interest as mutually agreed upon; and

• that all outcomes of the W U -  IR R I jo in t activities including all intellectual property rights (IPR) shall be jointly 
owned by all parties. As such, th e y  shall remain in the punlic domain and shall be available to IRRI and 
institute partners and end users .”

E^ntrv and Exit of Biological and Non-bioJogical Materials

I f  seeds or non seed biological materials (i.e . non seed plant parts, DNA samples, tissue/cell cultures of rice plants, etc.) 
n e e d  to be provided by your institution fo r  w o rk  by  you during your time at IRRI you must follow the following procedures:

•  vou must not hand carry an v  m ate ria l;

•  all materials must be shipped d ire c tly  to  IRRI and addressed to “Seed Health Unit, IRRI, College, Los Banos, 
Laguna, Philippines" with the  necessa ry  documents (i.e. Import Permit, Phytosanitary Certificate, Material 
Transfer Agreements, etc.);

•  the Seed Health Unit, IRRI w ill a ss is t you to obtain the necessary documents;

•  you must directly coordinate w ith  th e  Seed Health Unit IRRI with copies to your concerned IRRI collaborating
scientist and the Training C entre . ’

is our understanding that you are fu liy  a w a re  o f tne need for safety both in the laboratory, field and controlled growth 
fa c ilit ie s , especially in relation to h a za rdous  chemicals. By accepting this training opportunity at IRRI, you agree to 

( rictiy observe and comply with IRRI's sa fe ty  protocols. Further, you agree to release and forever discharge IRRI and its 
E m p lo ye e s  from any and all claims, d em ands , actions and causes of action related to and/or arising from or incidental to 
V o u r  training participation.



Letter to Ms. G.D. Gimhani/2011 October 17 page 3

If you find the terms and conditions of this award acceptable, please sign below and provide us a copy of the signed letter. 

We look forward to your arrival at IRRI.

With best wishes.

Sincerely yours,

f ' i

( J c - M v — i A /

ACHIM DOBERMANN (j
Deputy Director General (Research)

I hereby agree:

DIKKUMBURAGE RADHIKA GIMHANI ADVISER
WAYAMBA UNIVERSITY

Copy to: Dr. Bas Bouman; Dr. Bhagirath Chauhan; Ms. M. Aquino/Ms. R. San Gabriel; M r I. Cosico; IRRI Library; IRRI Front Desk.

OSA, Training Center



N ational Digitization Project 

National Science Foundation

Institute :: National Science foundation

1. Place of Scanning : Sanje (Private) Ltd. 1 lokandara

N Date Scanned : . . . . 2 m r t . . l . . 0 . k . . l . . Q f y ......................................................

3. Name of Digitizing Company : Sanje (Private) Ltd. No 435/16. Kottawa Rd.

4. Scanning Officer

1 lokandara North. Arangala. Hokandara
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